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INTRODUCTION 
The unceasing struggle between man and his insect enemies started even before the dawn 
of civilization. In-spite of the numerous advances made by man in evolving newer and 
deadlier weapons to fight the war against insects, he has not succeeded in controlling the 
thousands of serious pests which damages his food and other agricultural products, 
destroys his possessions and even attack himself and injure his domestic animals. 
Once it is established that an insect is causing economic losses, it becomes necessary to 
control it. The first principle underlying the control of an insect is its correct 
identification, when it is correctly identified, we can refer to the available information on 
the biology and the habits of the insect and determine its most vubierable stage, the 
appropriate time and the most suitable method or methods to control it. The knowledge 
and understanding of the ecological factors, both biotic and abiotic, affecting the 
population of the insect pest is necessary for plaiming the proper strategy for controlling 
it. The method chosen must be economical, fi-ee fi-om creating any other problem 
immediately or in future, it should not harm the natural enemies of the pest and should be 
easy to operate and be readily available to an ordinary cultivator. 
The need to protect economically important crops fi-om the ravage of phytophagous 
insects by ecologically acceptable methods had led to the development of alternate 
strategies for insect control using an array of targets (Von Keyserlingk et al, 1985; Van 
Beek et al, 1994). The use of conventional pesticides such as organochlorines (OC), 
organophospahates (OP) and carbamates, has resulted in multifarious hazard problems 
like toxicity to humans, pollution, bioaccumulation, poisoning and teratogenic effects of 
residues and the development of pesticide resistance. These pesticides and there 
metabolites that run-off treated lands generally enter nearby aquatic systems and scathe 
the aquatic fauna. With crops such as cotton and com, water erosion carried an average of 
20 tons of soil plus pesticide residue per acre per year into aquatic habitats (Pimental et 
al, 1976). Losses owing to fish kill alone are enormous because of the careless use of 
pesticides. Birds and mammals also suffer from exposure to pesticides. Deleterious 
effects include death from exposure to high-doses, reduced survival, growth and 
reproduction from exposure to sub-lethal dosages and habitat reduction through 
elimination of food sources (Pimental et al, 1980). The indiscriminate use of toxic 
pesticides and poor disposal of industrial by-products not only poison the environment 
we live in, but also disrupt the balance of Nature. 
The non-conventional insecticides such as plant-products, growth regulators, semio-
chemicals, live pathogens can possibly cut down the use of pesticides, they are effective 
in small quantities, persistent, broadly toxic to insect pests, and require little labour to 
apply them. It has now been commonly observed that besides their usefulness there are 
certain drawbacks like developing ecological imbalance and damage to the pesticide 
applier, etc. The development of alternate plant protection technologies become 
imperative and as a result, new chemicals like hormonal pesticides (JHAs), 
chemosterilants, pheromones, microbial agents, insect growth regulators (IGRs) and 
botanical pest control materials have been under investigation. Many are more or less 
insect-specific and are readily decomposed in the environment, majority damage the vital 
systems of insects but have lower mammalian toxicity (Mitsuhashi, 1995). 
After Wigglesworth's pioneering studies performed during 1933-1940 on the control of 
insect growth by endocrine organs, Williams (1956) suggested that in addition to their 
theoretical interest, juvenile hormones could be accurately identified, then synthesized 
and used as insecticides. Since then several commercial compounds called insect growth 
regulators or IGRs, have been used in insect pest control. These insecticides of the third 
generation, appeared after the early generation of arsenates, insecticides of mineral 
origin, and the second generation of organic synthetic compounds such as DDT. The 
mode of action of IGRs is quite original since they are not stomach poisons and they do 
not exhibit neural-toxicity but they disrupt moulting process or cuticle formation. 
Because of environmental concerns related to the use of conventional insecticides, 
agrochemical research has focussed on the discovery of more selective compounds which 
interfere with pest insect growth and development (Dhadialla et al, 2005). 
The chitin synthesis inhibitor benzoyl-phenyl-urea (BPU) insecticides prevent the 
molting process by inhibiting chitin synthesis, thereby causing abnormal endocuticular 
deposition and abortive moultmg. In addition, the chitin synthesis inhibitors like 
diflubenzuron and related compounds affect reproduction in several insect orders, 
primarily by causing a reduction m egg hatch. 
The mode of action of chitin synthesis inhibitors can be summarized as: 1) hormonal 
inhibition of p-ecdysone-metabolizing enzymes; 2) inhibition of DNA synthesis; 3) 
active metabolic formation, i.e. the production of an active and extremely potent 
metabolite of the BPU compound itself; 4) inhibition of lipid-linked oligosaccharide 
intermediates; 5) inhibition of zymogen activation, in which BPUs may prevent the insect 
chitin synthetase zymogen; and 6) effects on regulatory mechanisms associated with the 
polymerization step in chitin synthesis (Hajjar, 1985). 
During the last few years important progress has been made in the study of plant lectins 
in general, and in the understanding of their effects on other organisms in particular. 
Lectin are defined as carbohydrate-binding proteins or glycoprotein of non-immune 
origin or as carbohydrate-binding proteins other than antibodies or enzymes (Liener et 
al, 1986). They are polyvalent, oligomeric, non-immunoglobulin that bind carbohydrate, 
agglutinate cells (e.g. RBC, Bacteria and Viruses) or precipitate polysaccharides, 
glycoproteins or other glyconjugates (Sharon and Lis, 1989; Lis and Sharon, 1998). 
Although lectins were first discovered more than 100 years ago in plants, they are now 
known to be present throughout nature. The earliest description of such a hemagglutinin 
was by Peter Hermaim Stillmark in his doctoral thesis presented in 1888 to the University 
of Dorpat. This hemagglutinin, which was also highly toxic, was isolated by Stillmark 
from seeds of the castor tree (Ricinus communis) and was named ricin. The first lectin to 
be purified on a large scale and available on a commercial basis was concanavalin A, 
which is now the most used lectin for characterization and purification of sugar-
containing molecules and cellular structures. There is, however, growing evidence that 
most lectins play a role in the plant's defense against different kinds of plant-eating 
organisms. The idea that lectins may be involved in plant defense is not new. In an earlier 
review, Chrispeels and Raikhel (1991) critically assessed the defensive role of the 
phytohemagglutinin family and a number of chitin-binding proteins. 
The toxicity of mannose-binding lectins of plants towards insects, especially sap-feeding 
hemipterans, is well-established. Lectins are particularly important as potential control 
agents for hemipteran pests because these insects are not susceptible to any known Bt 
toxins, and so cannot be controlled by existing plant genetic engineering technologies 
using Bt toxin genes (Fitches et al, 2008). 
There are three likely sites where dietary lectins disrupt feeding, digestion, and thereby 
growth and development (Murdock and Shade, 2002). 
1) Food recognition by msects depends on sensory receptors commonly located on the 
tips of the feet, the tarsi, and on the antennae and mouthparts. Binding of lectins to 
carbohydrate moieties associated with the membranes of the chemosensory sensillae 
could block access of food chemical signals to their actual receptor proteins. 
Alternatively, lectms could disrupt the integrity of the sensory membranes as well, thus 
interfering with the ability of the insect to detect food. 
2) A second potential site of lectin action is the peritrophic matrix (PM), a protective 
envelope secreted by the epidermal cells of the midgut and composed of proteins, 
glycoproteins, chitin, and glycosaminoglycans. Ingestion of wheat germ agglutinin 
(WGA) by European com borer larvae {Ostrinia nubilalis) caused abnormalities to 
appear in the PM structure (Harper et al, 1998). The matrix, which is normally a single 
layer in the anterior midgut, was observed to form a mass of convoluted PMs in WGA-
fed insects. The chitin meshwork, which is an integral part of the matrix, was disrupted, 
allowing large holes to appear in the envelope. In WGA-fed larvae food particles were 
observed contacting the delicate surface of the digestive epithelium, something that does 
not normally happen, and bacterial penetration was observed through the matrix. The 
microvillar structure of the midgut is likewise disrupted by WGA, with disintegrated 
microvillae being common. 
3) A third possible site of action of lectins is the surface of the digestive epithelial cells in 
the insect midgut. These cells secrete digestive enzymes and absorb the chemical 
products of digestion. Numerous studies have demonstrated that dietary lectins can bind 
to the surfaces of epithelial cells (Harper et al., 1995; Powell et al, 1998; Zhu-Salzman et 
al, 1998). 
The involvement of lectin in insect control has been assessed mainly through insect 
feeding experiments utilizing artificial diets containing lectin preparations which are 
either incorporated into the diet or applied topically on the surface of the diet. Artificial 
diet bioassays involving different insects, for example aphids, com rootworms 
(Diabrotica sp.) and plant/leafhoppers show clearly that lectins have detrimental effects 
on insect growth and development (Czapla, 1997). 
In India, cotton crop has had the pride of place among cash crops from the earliest time. 
Even in modern times, cotton is a vital crop of commerce in India and is popularly known 
as 'Whitegold'. Cotton contributes 14% of the value addition in the manufacturing sector 
and provides employment to about 35 million persons. Textiles exports contribute 20 per 
cent of the gross export earnings of the country. It is in fact the only industry in the 
country which is self-reliant from the raw material to the highest value added products 
(garments). India is the only country in the world where all the four cuhivated species of 
cotton, viz. Gossypium arboreum, G. herbaceum, G. hirsutum and G. barbadenses along 
with intra and inter-specific hybrids, are cultivated along the diverse agroclimatic 
conditions. 
The number of pests species of cotton crop range from 20 to 60 but significant damage is 
caused by 5-10 key pests in most production systems (Luttrell et al, 1994). One hundred 
and sixty two species of phytophagous insects have been recorded on the cotton crop in 
India, of which 24 species have attained pest status and nine are key pests in one or more 
cotton growing zones of the country (Sundramurthy and Chitra, 1992; Dhawan, 2000). 
In the present work, two important polyphagous pest are studied one of which is 
Dysdercus koenigii, a hemimetabolous insect where the larvae (nymph) hatch in a form 
which generally resembles the adult except for its small size and lack of wings and 
genetelia, but, m addition usually with some other features which are characteristic of the 
larvae but which are not present in the adult. At the final moult these features are lost. 
The other one is Spodoptera litura, a holometabolous insects where the larvae 
(caterpillar) are usually quite unlike the adult and the pupal stage is present between the 
last larval stage and the adult and the pupa is characteristic of holometabolous 
development. 
Red cotton bug {Dysdercus koenigii) is generally a pest of cotton and okra in the North 
Zone, Both adults and nymphs feed on the cell sap of green bolls of cotton and okra. The 
pest is generally serious at the boll bursting stage. Heavily attacked bolls open badly and 
the lint is of poor quality. The bugs stain the lint with their excreta or body juices as they 
are crushed in the ginning factories. The staining of lint by the growth of certain bacteria 
inside the bolls is also believed to be initiated by these bugs. The damage on cotton crop 
is done during end of July-November and the damage on okra (bhindi) occurred from 
April-July. 
Cotton leafworm {Spodoptera liturd) is traditionally a pest of cauliflower and cabbage 
crops in Punjab but in recent years it has caused damage to cotton crop in the Northern 
zone. It is also sporadically recorded on castor, groimdnut, tomato, sunflower, etc. The 
damage is done only by the caterpillars, which measure 35-40 mm in length at maturity. 
The larvae feed on fresh leaves and are mostly active at night. In case of severe 
infestation, the buds and bolls may also be attacked. In Punjab, severe attack on cotton 
crop is usually recorded in September-October. 
In perspective of the damage caused by D. koenigii and S. litura, the efficacy of two 
chemicals i.e. a chitin synthesis inhibitor (CSI): Andalin (Flucycioxuron) and a wheat 
germ agglutinin (WGA): Triticum vulgaris lectin were investigated on mortality, 
moulting and metamorphosis. The experiment also conducted with a view to evaluate the 
effects of CSI and WGA on fecundity and hatchability of the treated insects and also the 
toxicity on the ovarian development with the help of histological studies both by light 
microscopy and transmission electron microscopy (TEM) was done. 
R^%/i^%Af of Ut&ratur^ 
REVIEW OF LITERATURE 
Insect growth regulators tend to be more compatible with the biological approaches 
which include entomopathogenic micro-organisms, parasites and predators. The insect 
growth regulators (IGRs) are metabolic disruptors, molt inhibitors and behaviors 
modifiers of insects. Smce the target site of action for these chemicals are known and 
susceptible to disruption only in certain species at certain times during the life cycle, 
these compounds have fewer serious deleterious effects on non-target species 
(Retnakaran and Granett, 1985). IGRs may belong to selective insecticides and can be 
grouped according to their mode of action as: chitin synthesis inhibitors and substances 
that interfere with the action of insect hormone (i.e. JHa, ecdysteroids) (Tunaz and 
Uygun, 2004). 
Diflubenzuron, a benzoylphenlyurea was the first chitin synthesis inhibitor to be 
introduced as a novel insecticides. It was foimd to be effective against Coleopterans and 
Dipterans (Goktay and Kismali, 1990). Besides Coleopterans and Dipterans, 
diflubenzuron has also been considered a potent compound against lepidopterous larvae 
of common cutworm, Spodoptera litura and Cydia pomonella (Miyamoto et al., 1993). 
The chitin synthesis inhibitor were quite effective against multi-resistant Musca 
domestica strains, except for one strain with strong resistance against chitin synthesis 
inhibitors, developed after extensive treatments with benzoyl-phenly-urea for several 
years (Pospischil et al., 1997). A decrease in egg hatching was observed in the lacewing 
Crysopa cornea (Stephens) and in the nymph survival of Gaucheriespunctipes (Say) due 
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to diflubenzuron treatment (Apperson et al., 1978; Medina et al., 2002). The effects of 
diflubenzuron on terrestrial non-target organisms (NTOs) however, tend to be minimal 
compared to the effects of conventional insecticides. 
Earlier, the important factor for toxicity against Chilo suppressalis (Oikawa et al., 1994), 
Leptinotarsa decemlineata (Nakagawa et al., 1999), and Spodoptera exigua (Smagghe et 
al., 2003) was the hydrophobic characters (logP) of IGRs and it was related to the 
structure of the insect cuticle that consists from the outside to the inside of a thin wax and 
cement layer, a dense epicuticle and a thick lamellated chitin- containing endocuticle. 
Farinos et al., (1999) confirmed the negative effects of RH-0345 on yolk protein 
accumulation and egg formation on the adult beetle of Leptinotarsa decemlineata. RH-
0345 was considered a potent stimulator of the release of hormone into the culture 
medium by pupal integument explants and by ovaries of Tenebrio molitor (Soltani et al.. 
1998; 2002). It has also been shown that RH-0345 interferes with the reproductive events 
and was able to modify the composition of ecdysteroid amounts in T. molitor (Taibi et 
al, 2003). In the recent past, it was foimd that RH-0345 is able to partly reverse the 
depressive effects on the reproductive events induced by KK-42 in mealworm (Amrani et 
al., 2004). Chebira et al, (2006) conducted a topical bioassay with the pupae and adults 
of the mealworm, Tenebrio molitor (Coleoptera: Tenebrionidae) an important stored-
product pest with three insect growth inhibitors (IGRs) viz., diflubenzuron, flucycloxuron 
and halofenozide. Two chitin synthesis inhibitors i.e., diflubenzuron and flucycloxuron 
and one ecdysone agonist halofenozide (RH-0345). The rate of absoption through the 
cuticle was highest for flucycloxuron and this concurred with its high toxicity and its 
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accumulation in the reproductive system of males and females was relatively high. It was 
also observed that the clearance/excretion of the IGRs takes place at different rate. 
Diflubenzuron and flucycloxuron were excreted to a similar extent in males and females 
whereas halofenozide showed low excretion between 2-6 days after topical treatment. 
The order of rate of absorption: flucycloxuron>diflubenzuron>halofenozide concurs with 
a decrease in the hydrophobicity value (logP) of thr IGRs. Studies also reported the 
ovicidal effects of halofenozide (RH-0345) and an anti-ecdysteroid KK-42 on the 
mealworm Tenebrio molitor (Berchighe et al., 2008). 
Studies showed that diflubenzuron found to be toxic against the 5* instar larvae of 
Galleria mellonella. Diflubenzuron (DFB) affected the integument via feeding method, 
the larvae failed to ecdysis, cuticle ruptured, haemolymph lost and blackened. Reports 
also showed the inhibitory effects of DFB on the 6* and 7* instar of Galleria melloneWa 
(Hegazy et al., 1980). The effect of diflubenzuron on the ultrastructure of cuticle, protein 
and chitin content of the Colorado beetle, Leptinotarsa decemlineata was also reported 
(Hegazy et al, 1989). In the later years, Lee et al, (1990) and Yin-Chang et al, (1990) 
worked out the mode of action of chitin synthesis inhibitor and stated that the endocuticle 
lamellae are added to the procuticle during the intermolt period in lepidopterous larvae. 
Histological evidence revealed that ecdysial failure and mortality were invariably related 
to the blocking of endocuticular formation and in higher doses to the development of 
extra layer and globular bodies between endocuticle and epidermis in Tenebrio molitor 
and M. separate larvae (Ren et al, 1988). The effect of DFB and OMS-2017 on the 
reproductive potential of 4"" instar larvae of Aedes aegyptii was investigated, 
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diflubenzuron showed higher larval and pupal mortality than OMS-2017 which induced 
more delayed effects. At 0.001 mg/liter, DFB induced 17% larval and 21% pupal 
mortalities which is quite higher than 5% larval and pupal mortalities in case of OMS-
2017, the females that survived from OMS-2017 laid 30 % less eggs whereas the 
fecundity of DFB treated females was not affected. The basal follicle number showed 
wide variability from the effects of both IGRs i.e., diflubenzuron and OMS-2017. 
Degenerating and non-matured follicles were more abundant in DFB treated females than 
in OMS-2017 treated ones (Foumet et al, 1993). 
Karimzadeh et al., (2007) studied the effects of five CSIs viz., diflubenzuron, 
cyromazine, lufenuron, hexaflubenzuron and triflumuron on the second instar of the 
Colorado potato beetle, Leptinotarsa decemlineata (Say) (Coleoptera: Crysomelidae). 
Among the five IGRs the most toxic was hexaflumuron (Lc50 0.79 mg ai^L) followed by 
lufenuron (Lc50 27.3 mg ai/ L) and diflubenzuron (Lc50 58.6 mg ai/L), cyromazine 
(Lc50 9.6 mg ai/ L) and triflumuron seem to be less toxic. The above mentioned CSIs 
were more potent as compared to Phosalone (Lc50 48.72-64.12) which is one of the most 
commonly used insecticides for controlling Colorado potato beetle in Iran. The efficacy 
of cyzomazine on the survival rate of larvae, pupal formation and survival and emergence 
of Colorado potato beetle, Leptinotarsa decemlineata was also reported (Sirota and 
Grafius, 1994). 
Several workers reported the effect of hexaflumuron gainst Ephestia kuehniella and 
Spodoptera littoralis (Marco and Vinuela, 1994) and against fungus growing termite 
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Pseudocanthotermes spiniger (Isoptera: Macrotermitinae) (Peppuy et al, 1998). 
Kellouche and Soltani (2006) studied the effect of hexaflumuron, a benzoylphenyl urea 
derivative on growth, development and reproduction in Callosobruchus maculates 
(Coleoptera: Bruchidae). Four doses of hexaflumuron were tested topically on the adults 
of Callosobruchus maculates and evaluation of fecundity, hatchability and viability of 
eggs, longevity and morphometric of oocytes was done. The longevity and fecundity was 
reduced and the growth and development of oocytes was also found to be affected. In 
addition, the viability rate of eggs laid by Fl females were affected significantly. Toxicity 
evaluation of Radiant SC 12% and hexaflumuron EC 10% against eggs of Pectinophora 
gossypiella (Saund) and biological effect of these compounds on larvae, pupae and adult 
emergence resulted from the treated eggs were reported (El-Barkey et al., 2009). 
Spodoptera litura was foimd to be susceptible to diflubenzuron under induced hyper 
hormone condition (Sundaramurthy and Balasubraniam, 1978), they are also treated with 
nuclear polyhedrosis virus along with diflubenzuron for controlling Spodoptera litura. 
The latent effects of acylurea i.e. chlorfluazuron and diflubenzuron is related to the 
amount of the substance accumulating at the biochemical site of action in the larvae of 
Spodoptera littoral is and Heliothis virescencs (Guyer and Neumann, 1988). Both direct 
and latent effects of Lefenuron and the combination of Lefenuron/Deltanet were 
evaluated on Spodoptera littoralis, different doses of both the compounds were 
incorporated in the diet and were fed. Lefenuron was found to be more toxic than 
Lefenuron/deltanet. The deleterious effects includes immediate mortality, mortality 
during moulting, larvae failed to pupate successfully, survived moths of the treated larvae 
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showed reduction in the reproductive potential, these effects were concentration-
dependent (Rahman et al, 2007). The fate of two acylurea compounds i.e.. 
chlorfluazuron and leufenuron were investigated which reduce the reproductive 
capabiUty of the Spodoptera littoralis. Each sublethal dose showed reduction in the 
percent pupation, pupal weight and adult emergence, an appreciable reduction in the 
longevity and mating frequency was observed. Both chlorfluazuron and leufenuron 
treatment showed significantly low percentage of fecundity (i.e, 33.3 to 53.9), the egg 
hatchability was also reduced (Sammour et al., 2008). Reduction in egg hatchability 
could be due to the penetration of acylurea compounds into the eggs which prevents 
hatching by interfering with the embryonic cuticle synthesis. So, new hatch unable to use 
its muscles to free itself from egg wall (Marco & Vinuela, 1994; Mass et al, 1980). 
Another possible reason that reduced hatchability in Spodoptera littoralis is caused by the 
defects in the differentiation of oocytes and sperms (Meola et al., 1980; Horowitz et al, 
1992). It has previously been reported (Ishaaya, 1992; Spates and Wright, 1980; Ive and 
Wright, 1978) that m stable flies and houseflies the secretion of unmetabolized acylurea 
compounds into the eggs has led to the toxicity to the developing embryos. 
There are number of reports concerning the evaluation of different CSls against other 
species of insects such as diflubenzuron against Mamestra brassica (Grosscurt, 1978) and 
Pseudoplusia indudens (Reed and Bass 1980), CGA-112913 against Heliothis virescens 
(Schgeurer et al, 1983), MK-139 (CME-134) against Plutella xylostella (Kohyama, 
1986) and (ME-13406) against Leptinotarsa decemlineata (Tuttle and Ferro, 1988). 
Several researchers have worked on different chitin synthesis inhibitors in the form of 
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active ingredients to evaluate the insecticidal activity against different stages of the cotton 
leaiworm, Spodoptera littoralis using different appHcation techniques (Ascher and 
Nenuny, 1976; Radwan et ai, 1978; Ascher and Liyahn 1981; Ascher and Nemmy; 1984; 
El- Sayed, 1984; and Aldebis et ai, 1988). The effects of diflubenzuron (DFB) and 
flucycloxuron (FCX) v^as also studied on the ciliated protiste cellular model Paramecium 
species. At the concentration of lO^ig/ml and 20|ig/ml with both DFB and FCX the 
growth of ciliated protiste inhibited appreciably but the effect is a lot more marked with 
FCX than with DFB (Rouabhi et al., 2005). 
Study were conducted to evaluate the efficacy of an IGR Dimilin (TH-6040) against the 
susceptible and resistant strains of Spodoptera littoralis (El-Guindy et al., 1982). Futher, 
evaluation of the biological activity of various concentrations of Chlorfluazuron 5% EC, 
Flufenoxuron 5% EC and Teflubenzuron 5% FC against insecticides susceptible 
laboratory and field strains of 3"^^ and 5* instar of cotton leafworm Spodoptera littoralis. 
In susceptible lab strains flufenoxuron and chlorfluazuron were almost equal in their 
toxicity at the Lc50 values against 3^*^  instar larvae whereas teflubenzuron was almost 
twice as less toxic than the above mentioned chemicals. Against 5* instar larvae, 
chlorfluazuron was found to be the most potent compound, followed by teflubenzuron 
and flufenoxuron being the least toxic. In the field strains the toxicity against 3"* instar 
was highest for flufenoxuron followed by chlorfluazuron whereas teflubenzuron was the 
least toxic and against 5'^ instar larvae the toxicity decreased in the order of 
chlorfluazuron followed by teflubenzuron then flufenoxuron (Bayoumi et al., 1998). 
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A novel IGR with high potency having importance in IPM (Integrated Pest Management) 
programme is Novaluron (Ishaaya et al, 2002; 2003). It has also been observed that 2"^* 
instars of an imidacloprid-resistance Colorado potato beetle strains exhibited reduced 
susceptibility which is about 2.5 folds to novaluron, the toxicity of novaluron were then 
enhanced by a synergist S,S,S-tributylphosphorotrithioate (Cutler et al., 2005). It was 
assessed that the transovarial transport of novaluron via the females results in egg hatch 
inhibition (Mommaerts et al, 2006). Later, it was described that the penetration of 
novaluron may be affected through contact or ingestion which was studied on various 
developmental stages of Tribolium casteneum (Kostyukovsky et al., 2006). The 
transovarial activity of Novaluron on egg hatch and on larval development of Tribolium 
casteneum was also reported (Trostanetsky and Kostyukousky, 2008). 
Tanani (2001) recorded shortened developmental duration of Rhynchophorus ferrugineus 
by lufenuron (CGA-184699) and CGA-59205. The morphogenic and developmental 
responses of lufenuron and diofenolan on the housefly Musca domestica was also 
conducted (Ghoneim et al, 2004). Partial and complete blockmg of lufenuron on the 
adult emergence have been demonstrated against Lobesia botrana (Saenz-de-Cabezon et 
al, 2006). The effects of lufenuron (CGA-184699) on the growth, development and 
metamorphosis of the desert Locusta Schistocerca gregaria (Orthoptera: acrididae) was 
studied and it was found that the growth of lufenuron-treated nymphs was profoundly 
inhibited. Inhibitory effects on the adult emergence was also seen, if emerged the adults 
suffered a morphogenic action of lufenuron because of different deformed females were 
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produced in increasing percentage, the adult females spent only shortened longevity and 
then died (Bakr et al., 2008). All the above mentioned effects were dose-dependent. 
The efficiency of different IGRs in comparison with the registered product on the 
development of the heart-shaped scale was reported (Du-Troit and Villiers, 1990). 
Various concentrations of CGA-211446 (Ciba Geigy), a chitin synthesis inhibitor were 
tested on the 3'** instar of the heart-shaped scale, Protopuluinaria pyriformis (Cockrell) 
(Hemiptera: Coccidae) and the comparison of the efficacy with the registered product, 
buprofezin (FBC) was also done. Effective resuhs were obtained at a concentration of 40 
ml/100 of water and higher (Steyn et al, 1993). 
Toxicity evaluation of another chitin synthesis inhibitor Triflumuron was also done by 
various scientists on different msect pests. In the recent past. Amir and Preveling, (2004) 
verified that triflumuron-exposed Apis mellifera exhibited lower flight activity. Batra et 
al, (2005) showed the efficacy of triflumuron against mosquito larvae in the clear and 
polluted water. Triflumuron also reported to diminished the longevity of the triatomine, 
Rhodnius prolixus when administered by contact, blood ingestion and injection (Mello et 
al, 2008). Efficiency of triflumuron on the development, adult longevity, locomotory 
activity, reproduction and viability of eggs of Aedes aegyptii was conducted by Belinato 
et al, (2009), the treatment interfered with the blood-feeding ability of the surviving 
females of the treated individuals, both the number of the blood-fed females and the 
amount of ingested blood were showed alteration. 
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The similar effects as of chitin synthesis inhibitors was observed by treatment with the 
quinones for plumbagin. Interruption of moulting by the quinones may be due to 
interference with hormonal regulation, possibly with the production of ecdysoids. The 
adverse effects of plumbagin on prothoracic glands of Dysdercus sp. have also been 
observed by Joshi et al. (1989). The inhibition of production of ecdysoids by juglone and 
plumbagin have been demonstrated (Mitchell and Smith, 1988). Several workers have 
shown the inhibition of chitin synthetase, and thus affected chitin formation by 
plumbagin (Kubo et al, 1983; Gujar and Mehrotra, 1988; Krishnayya and Rao, 1995). 
The comparative study of 3 naphthaquinones viz. plumbagin, juglone and menodione and 
2 benzoquinones viz 2,6 -dimethylbenzoquinones, 2,3,6- trimethylbenzoquinone and 2,6-
dimethylhydroquinone was conducted to show the growth-inhibitory effect on Dysdercus 
koenigii (Hemiptera:Pyrrochocoridae). The data showed that amongst naphthoquinones, 
plumbagin which has methyl group at 2-position and hydroxyl at 5-position was the least 
toxic followed by juglone (which has hydroxyl at 5-positioned) & menadione (with 
methyl group at 2-position). Based on the LD50 values, the following increasing order of 
toxicity:plumbagin<2,6dimethylhydroquinone<2,3,6trimethylbenzoquinone<juglone<me 
nodione<2,6,dimethylbenzoqumone. In plumbagin, the high doses between 30 & 
50^g/nymph showed deformity such as smaller body size, crumpled wings and deformed 
legs in the emerging adult and they survived for 24-48 hrs only. Same abnormalities were 
seen when the 5* instar nymph was treated v^th juglone at much lower doses i.e. 3-10 
|ug/nymph. In case of menadione with 0.2-1.5 |j,g/nymph the adults emerged from 
5 instar were short-lived. In 2,6-dimethylbenzoquinone the number of deformed adults 
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from the treated 5* instars increased with increasing doses although abnormal adults 
emerged from 0.3 \ig treated nymph. The 5* instar nymph treated with 8.15 )Lig/nymph 
(LD50) or near the LD50 value produced deformed adults and the effects increased with 
higher doses and such adults lived only for 24-48 hours. The treated 5* instar nymph 
with 5-10 i^g. 2,3,6-trimethyl benzoquinone reduced the hfe span (Banerjee etai, 2001). 
Lectins are proteins or glycoproteins of non-immune origin that E^glutinate cells and/or 
precipitate complex carbohydrates. They are isolated from a variety of sources like plant 
roots and bark, fimgi, bacteria, seaweed and sponges, mo Husks, fish eggs, body fluids of 
mvertebrates and lower vertebrates, and from mammalian cell membranes. Most sigma 
lectins are highly purified by affinity chromatography. WGA was first isolated and 
purified by Burger and Goldberg, (1967) and later by others using affinity procedures, an 
extensive studies have led to a detailed characterization of its chemical, physical and 
biological properties (Allen et al, 1973; Rice and Etzler, 1975) Triticum vulgaris lectin is 
a wheat-germ agglutinin (WGA) i.e. a protein capable of agglutinating erythrocytes and 
other types of cells (Sharon and Lis, 1972). Wright et al, (1972) have reported a 
preliminary low-resolution X-ray crystallographic structure of WGA, which indicated 
that eight 23,000-molecular-weight molecules form asymmetric units in an orthorhombic 
unit cell and the high half-cystine content made the three dimensional structure of WGA 
unique among lectins. The amino-acid composition of WGA indicates that it has high 
content i.e., 20% half-cystme residues and 21% glycine residues (Allen et al, 1973). It 
exists as a 35,000-molecular-weight dimmer in neutral pH buffers with two-binding sites 
for inhibitory saccharides; at lower pH the molecule exists as a 17,000-molecular-weight 
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monomer (Nagata and Burger, 1974). WGA which is N-acetylglucosamine-specific lectin 
was found to produce several different effects on biological systems, all of which are 
apparently caused by interaction of a lectin with a membrane components (Goldstein and 
Hayes, 1978). Peumans et al. (1982) isolated lectins from embryos of Secale cereale 
(rye) and Hordeum Vulgare (barley) by affmity chromatography on immobilizd N-
acetylflucosamine which strongly resembled WGA with respect to their chemical, 
biological and immunological properties. 
It has been shown that WGA has high anti-insect activity in vitro (Czapla and Lang 1990; 
Murdock et ah, 1990; Huesing et ah, 1991) and therefore, the transfer of its gene into 
crop plants has been suggested to increase thek insect-resistance. Twenty-six plant lectins 
were tested for anti-insect activity against neonate European com borer, Ostrinia 
nubilalis (Hiibner) and Southern com rootworm, Diabrotica undecimpunctata howardi 
(Barber) larvae, lectins from wheat (Triticum vulgaris L.), castor bean and camels foot 
tree were lethal to neonate O. nubilalis larvae when applied to diet surface as 2% solution 
whereas lectins from pokeweed and green marine algae were found to be toxic against 
neonate D. undecimpunctata howardi larvae when applied topically (2%) to the artificial 
diet (Czapla and Lang, 1990). 
The efficacy of plant lectins viz., wheat germ agglutinin (WGA), jacalin lectin (JCA), pea 
lectin (PL) and soyabean agglutinin (SBA) was evaluated against neonates of tobacco 
caterpillar, Spodoptera litura following artificial diet surface incorporation technique. 
Laboratory bioassay revealed that WGA was most toxic with the toxicity in order of 
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WGA> JCA>PL>SBA, the lectin intoxicated diets adversely affected the growth and 
development of Spodoptera litura (Gupta et al., 2007). The activity of leek lectin (APA) 
in transgenic tobacco plants against cotton leafworm, Spodoptera littoralis was studied 
by Sadeghi et al, (2009). The inhibitory effect such as retarded development of the 
larvae and metamorphosis, reduced larval and pupal weight and increased mortality was 
observed throughout the experiment. 
It was found that wheatgerm and snowdrop lectin showed antimetabolic activity agamst 
sugarcane whitegrubs, (Antitrogus parvulus), these lectins are insect growth-inhibiting 
proteins whose genes could potentially be manipulated into sugarcane and improve host-
plant resistance to whitegrubs (AUosopp and McGhie, 1996). Lectins from different 
sources shown to have antimetabolic and insecticidal properties towards insects such as 
lectins from Galanthus nivalis agglutinin (GNA), Narcissus psuedonarcissus 
agglutinin(NPA), Allium sativum agglutinin (ASA), Oryza sativum agglutinin (OSA) and 
Urtica dioica agglutinin (UDA) have antimetabolic affects against rice brown 
planthopper, Nilaparvata lugens (Powell et ah, 1995), PF2 lectin from Olneya tesota 
(Palo Fierro) against Zabrotes subfasciatus larvae (Irlanda et al., 2009) and lectin from 
Yam (Dioscorea batatas) tubers against Helicoverpa armigera (Ohizumi et al., 2009). 
Effects of soybean lectin have been reported against O. nubilaris larvae (Czapla and 
Lang, 1990) and sugarcane borer, Diatraea saccharalis (Setamou et al, 2002). The 
efficacy of soyabean lectin were investigated against rats and turkey poults, it was 
reported that at higher concentration of lectm in the diet the growth and nutritional 
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digestibility was reduced (Li et al, 2003; Fasina et al, 2004). Futher, it was also reported 
that lectin from the seeds of soyabean {Glycine max) was extracted and purified by 
chromatography and studied on freshly laid eggs and on 2"** instar larvae of melon-fly 
Bactrocera cucurbitae. Lectin failed to influence egg-hatching of the treated eggs though 
on the 2"** instar larvae lectin showed significant effectiveness on larval period, pupal 
period, total development period, pupation and emergence (Kuljinder Singh et al., 2006). 
Previous reports showed the transgenic tobacco plants expressing trypsin inhibitor gene 
resulted in increased mortality, reduced insect growth and reduced plant damage by 
Helicoverpa zea (Hof&nan et al., 1992) and Spodoptera litura (McManus et al, 1999; 
Yeh et al., 1997). Soyabean trypsin inhibitor has earlier been shown to reduce the growth 
of Helicoverpa armigera (Johnston et al., 1993; Wang et al., 1996). In the recent past, a 
comparative study of the biological activity of soyabean trypsin mhibitor and seven plant 
lectins against cotton bollworm/legume pod borer, Helicoverpa armigera was carried out. 
The seven plant lectins viz., concanavalin A, jacalin, chickpea, lentil, peanut, wheatgerm 
and snowdrop were bio-assayed by treating the surface of the artificial diet with 1% or 
2% solutions of different lectins. Out of the above mentioned lectins soyabean trypsin 
inhibitor, chickpea and snowdrop showed marked anti-biotic effects in terms of insect 
survival and development (Shukla et al., 2005). 
Lectin from snowdrop were shown to be toxic to pea aphid, Acrythosiphon pisum (Rahbe 
et al., 1995); tomato moth, Lacanobia oleracea (Fitches et al, 1997); alfalfa beetle 
(Elden, 2000). Rachel et al, (1996) tested the effects of snowdrop lectm on the Glass 
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Potato Aphid {Aulacothum solani) and found that the presence of Galanthus nivalis 
agglutinin (GNA) in the diet decreased the fecundity of adult aphids and nymphal 
development. Snowdrop lectin also found to be effective against legume pod borer. 
Maruca vitrata, the efficacy of 25 lectins were evaluated on the larval development of 
Maruca vitrata by feeding bioassay: a total of 16 lectins had detrimental effects such as 
larval mortality, weight loss, feeding inhibition, reduction in pupation and adult 
emergence and poor fecundity. Twayblade lectin i.e., Listera ovata ^glutinin (LOA) and 
snowdrop lectin i.e., Galanthus nivalis agglutinin (GNA) were proved to be effective 
against the larvae of Maruca pod borer for all the six parameters examined (Machuka et 
al., 1999). Much later, Arora et al, 2005 reported the biological effects of plant lectins 
from field bean {Phaseolus vulgaris), pigeonpea (Cajanus cajan), chickpea {Cicer 
arietinum ), and garlic {Allium sativum) along with snowdrop {Galanthus nivalis) lectin 
on the growth and development of//, armigera so as to identify the candidate genes for 
development through transgenic plants to control the pest. Experiments also conducted to 
investigate direct effects of snowdrop lectin (GNA) on larvae of three species of aphid 
predators that differ in their feeding and digestive physiology and the gut enzyme from 
none of the three species {Chrysoperla camea, Adalia bipunctata and Coccinella 
septempunctata) were able to breakdown GNA (Hogervorst et al., 2006). 
Earlier, it was reported that peanut ML (mannose-binding lectin) is not detectable in 
mature seeds (Law et al, 1990, 1991), but a well- characterized galactose-binding seed 
lectin is present that has the ability to retard the development of cowpea weevil, 
Callosobruchus maculates F. (Goldstein and Poretz, 1986; Murdock et al., 1990). After 
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few years, a comparative study of two mannose-binding lectins (ML) were conducted one 
from peanut, Arachis hypogaea and another from pea, Pisum sativum for toxic effects on 
larvae of the stem borer, Chilo partellus. There were significant decrease in C partellus 
larval length and weight and increased mortality on the diet containing peanut ML 
(mannose-binding lectin) at concentration of 1.0% and 0.5% whereas lectin from pea did 
not have any toxic effect at a dietary concentration upto 1% (Law and Kfir, 1997). 
Indirect evidence for a possible deterrent activity of a plant lectin was shown by Guzman-
Maldonado et al, (1996) who investigated the relationship between physical and 
chemical characteristics of common bean (Phaseolus vulgaris L.) varieties and their 
susceptibility to Zabrotes subfaciatus (Boh.). Futher, much later, it was reported by 
Sadeghi et al, (2006) that plant lectins showed inhibitory activity on cowpea weevil 
Callosobruchus maculates (F.) oviposition. Lectin coated chickpea seeds caused a 
significant reduction in egg laying. All of the 14 lectins scored a significant deterrent 
activity on the oviposition, the strongest was that of bean lectin PHA {Phaseolus 
vulgaris) being 78.1% and other lectins showed a deterrent activity ranged between 
66.4% and 36.5%. The tulip lectin Tx LC-I exhibited the lowest. Also the deterrent 
activity of plant lectins decreased upon enhancing insect density. 
Behavioural assays in rats have also been studied by feeding on a food containing Con A. 
The food was readily refiised by the animals, but this behaviour was not due to neophoby 
or to any conditioned taste aversion (Larue-Achagiotis et al., 1992). Later, incorporation 
of N-actylglucosamine specific agglutinins from wheat-germ (Triticum aestivum; WGA), 
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thorn apple (Datura stramonium) or nettle (Urtica dioica) rhizome in the diet showed 
anti-nutritive effects which appreciably reduced digestibility, utilization of dietary protein 
and growth of rats, with WGA being highly toxic (Pusztai et al, 1993). In relation with 
Canavalia ensiformi (Con A), Nicolas et al., (2003) investigated the feeding alterations 
induced in pea aphid, Acyrthosiphon pisum (Harris) (Hemiptera: Ahpididae) with a diet 
containing the lectin from Canavalia ensiformi (Con A). A series of behavioural 
experiments were carried out to detect potential sensory mediation of lectin activity. An 
electrical penetration graph technique was adapted to artificial diets and provided short-
term continuous analysis on feeding/probing events. At the 400ng ml"* level, adults were 
affected and had reduced ingestion durations as early as in the first 4 hrs of contact, but 
experienced an adaptation to the behavioural alterations induced by lectin feeding. 
Overall, feeding deterrency following exposure to lectins appeared to be a consequence 
of intoxication, and not due to a sensory mediated process. 
Apart from plants, lectms are also isolated from number of sources such as 
microorganisms, body fluids of invertebrates and lower vertebrates, and from mammalian 
cell membranes. Earlier, purification and characterization of lipopolysaccharide-binding 
protein from the haemolymph of American cockroach, Periplaneta americana was done 
by Jomori et al, (1990) and reported that this lectin specifically binds to bacterial LPS 
(Jomori et al, 1991). The characterization of a novel C-type lectin, immunolectin, from a 
lepidopteran insect, Manduca sexta (tobacco homworm) was expressed in response to 
bacterial challenges and appears to interact vnih bacterial LPS (lipopolysaccharide) to 
activate the prophenol oxidase system in the plasma (Xiao-Oiang et al., 1999). Isolation, 
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purification and characterization of Dorin M lectin which is a sialic-acid binding lectin 
was found to be abundantly present in the haemolymph of the tick {Ornithodoros 
moubai) (Grubhoffer and Kovar, 1998; Kovar et al., 2000). It was also reported that 
Dorin M is a fibrinogen-related lectin likely playing a role as a pattern recognition 
molecule (Rego et al, 2006). 
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Methods 
MATERIALS AND METHODS 
(I). BREEDING AND MAINTENANCE OF STOCK CULTURE: 
(A). Dysdercus koenigii: The adults and nymphs of red cotton bugs were collected 
from the okra field located at/near the AHgarh MusUm University campus and brought to 
the laboratory for present research work. These insects were kept in glass rearing jars 
measuring 20x15 cm containing 3 cm thick layer of damp sterilized sand at the bottom, 
these jars were placed in REMI's Environmental Chamber maintained at 28 ± 1° C 
temperature and 70 - 80% relative humidity. The jars at the top were covered with a piece 
of muslin cloth tightly fixed by means of rubber band to stop the exit of an insect. The 
culture were fed on overnight soaked cotton seeds, which were changed on alternate 
days. When the eggs were laid, the adults were transferred to fresh rearing jars to ward-
off any hindrance during egg-hatching. Over-crowding was avoided for proper growth of 
an insect. 
(B). Spodoptera liturai Adults and larvae of cotton leaf-worm were collected from 
the Aligarh Muslim University campus. The larvae and adults were separately kept in 
rearing jars measuring 20 x 15 cm. The jars were covered with a piece of muslin cloth, 
tightly fixed by means of a rubber band. The temperature and humidity was maintained in 
REND's Environmental Chamber at 28 ± 1° C and 70 - 80 % RH. The adults were fed on 
10 % honey solution. For this purpose, a piece of cotton was wrapped around a glass slide 
and it was soaked with fresh honey solution, the slide was obliquely placed against the jar 
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wall. Female moths oviposited eggs on the white paper strips which were placed in the 
jar. Newly hatched larvae were transferred to separate rearing jars and fed on fresh and 
tender castor leaves. The larval jars were cleaned daily to avoid any infection and were 
provided with fresh leaves. When the larvae reached to late 6* instar they were 
transferred to separate jars containing 3 - 4 mch thick layer of slightly damp sand for 
pupation. The larvae went 2 - 3 inch down in the sand and pupated. After two days of 
pupation, the pupae were taken out from the sand, cleaned with cotton and kept in 
separate jars for emergence. As soon as the moths emerged they were transferred to other 
rearing jars to maintain a large population of all stages at a controlled condition. 
(II). SAMPLING OF EXPERIMENTAL INSECTS: 
In the present work 4* instar nymph of Dysdercus koenigii were sorted out and 
maintained in separate jars. They moulted to 5* instar after 2-3 days and the moulting 
was ascertained by observing the cast off exuviae and the head capsule. The newly 
moulted 5* instar nymph were then treated with different concentrations of the selected 
insecticides. 
Similarly, the 5* instar larvae of Spodoptera litura were sorted out from the random 
culture and maintained in separate rearing jars. As soon as they moulted to 6* instar 
which can be visually ascertained by the size, head capsule and exuviae they were treated 
with varying concentrations of the selected insecticides. 
29 
(III). PREPARATION OF DIFFERENT CONCENTRATIONS OF 
CHEMICALS USED: 
ANDALIN (Flueycloxuron): The chemical name of Andalin is l-{a-[(£Z)-4-
chloro-a-cyclopropylbenzylideneaminooxy]-p-tolyl}-3-(2,6-difluorobenzoyl) urea (ratio 
50-80% (E)- and 50-20% (Z)- isomers). 
Techinical Andalin (1%) is obtained from Duphar B. V. (Weesp, Holland). 
The empirical formula is C25H20CIF2N3O3 and 
structural formula is 
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Six concentrations of Andalin viz., 0.1%, 0.05%, 0.025%, 0.01%, 0.005%, 0.0025% 
were prepared from 1% stock solution of Andalin. From the stock solution desired 
concentrations were prepared by serial dilution in acetone. 
Triticum vulgaris lectin (Wheat germ agglutinin): Triticum vulgaris lectin is 
isolated from wheat germ. It has two subunits and a molecular weight of 43,2 kDA. The 
WGA lectin selectively binds to N-Acetyl glucosamine (GlcNAc) groups and to sialic 
apid. 
Triticum vulgaris lectin is obtained from Sigma-Aldrich (USA). 
Three concentrations of WGA viz., 0.5%, 0.25%, 0.125% were prepared in depolarized 
water. To make stock solution 2 mg of WGA were dissolved in 2 ml of solvent 
(depolarized water) to make 1% of the stock solution. From the stock solution, desired 
concentrations were prepared by serial dilution in acetone. 
(IV). APPLICATION OF INSECTICIDES: 
ANDALIN (FluCycldxuron): 2 ^l of each dilution with respective strength of 
Andalin (Flucycloxuron) was topically applied with the help of micropipette on the dorsal 
surface of pro and meso-thoracic region on one day old individual nymphs of 5"" instar of 
Dysdercus koenigii and one day old individual larvae of 6* instar of Spodoptera litura. 
Triticum vulgaris lectin: 2 ^1 of each dilution were applied topically with the help 
of micropipette on the dorsal surface of pro and meso-thoracic regions on one day old 
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individual nymphs of 5* instar of Dysdercus koenigii and one day old individual larvae 
of 6* instar of Spodoptera litura. 
Similarly, nymphs and larvae were treated with 2 ^1 acetone solution to serve as parallel 
control both in case of Andalin (Flucycloxuron) as well as Triticum vulgaris lectin 
(Wheat Germ Agglutinin). 
(V). METHODS FOR ESTIMATING MOULTING, 
METAMORPHOSIS, FECUNDITY AND HATCHABILITY: 
After applying each dose of the Chitin synthesis inhibitor (Andalin) and Wheat germ 
agglutinin {Triticum vulgaris lectin) topically, nymphal and larval mortality after 24 
hours, abnormality regarding moulting and metamorphosis were recorded. Parallel 
control in acetone both in case of Andalin and Triticum vulgaris lectin treated insects of 
the corresponding instars and age was also maintained for comparision. 
The females bugs which were emerged after different dose treatment were paired with 
untreated males of the corresponding age. Each pair were maintained in controlled 
condition in separate rearing jars and was also provided with proper food i.e. soaked 
cotton seeds in case of bugs. The number of eggs laid by each female were recorded and 
then the eggs were transferred m separate rearing jars having damp sterilized sand at the 
bottom. Parallel control was also kept consisting males and females emerged from the 
32 
control nymphs and larvae. The hatched and unhatched eggs were counted and percent 
hatchability was recorded. 
(VI). METHOD FOR ANATOMICAL PREPARATION OF AN 
OVARY: 
The ovaries were dissected out from treated female bugs of required age. Each pair of 
ovaries were then dehydrated in alcohol series 30%, 50 %, 70% for 5 min. Ovaries were 
then stained in eosine (5 minutes) followed by 80% and 90% alcohol for 5 min each and 
finally in 100 % alcohol for 15 min. They are then kept in xylene for less than 1 min and 
transferred to glass slide for mounting in DPX. Parallel control ovary slide was also 
prepared for comparision. 
(VII). METHOD FOR HISTOLOGICAL PREPARATION OF 
OVARIOLE FOR LIGHT MICROSCOPY: 
From the ovaries of the treated bugs the ovarioles were dissected out and fixed in Bouin's 
solution for 14-16 hours, washed with distilled water and dehydrated in alcohol series 
30%, 50%, 70%, 80%, 90% for half an hour each and in 100% for an hour, followed by 
100% alcohol and xylene solution (1:1) for 15 mints. Incubation was done at 60°C in 
xylene and paraffin wax (1:1), and then in paraffin wax only for 30 min. An ovariole is 
then embedded in paraffin wax whose 5 ^m microtome sections were cut into a rolling 
ribbon. The ribbon was placed on the glass slide which was lubricated by glycerine and 
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albumin solution (1:1). The slides containing section were warmed slightly to 
straightened the creases, they were prossessed in Xylene (2 changes) for 30 min each, 
followed by an alcohol series of 100% (2 changes), 90%, 70% , 50 % and 30% for 5 min 
each.. The slides were then stained in Ehlich's haematoxylin for 2-3 min and rinsed with 
tap water. Again the slides were stained with Eosine for 10 minutes, rinsed with water 
and started with an upgrade dehydration alcohol series 30 %, 50%, 70%, 90% for 5 min 
each. The slides were then kept in 100 % alcohol (2 changes) for 10 min, followed by 
Xylene (2 changes) for 10 min each, finally the slides were mounted with DPX and 
observed under compound light microscope. The histological preparation of control 
ovariole was also done. 
(VIII). METHOD FOR HISTOLOGICAL PREPARATION OF 
OVARIOLE FOR TRANSMISSION ELECTRON 
MICROSCOPY (TEM): 
The ovariole dissected out from control female and each of the treated female were 
primarily fixed for 2 - 4 hours at 4°C in 2.5 % glutaraldehyde in 0.1 M phosphate buffer 
(pH = 7.4). After that the ovariole was kept in phosphate buffer saline (PBS) (pH = 7.4) 
at 4 ° C for 2 hours (or overnight). The secondary fixation of the ovariole was done in 1 
% osmium tetroxide in distilled water for 1 hr at room temperature and then washed 2 x 
5min in distilled water followed by upgrade dehydration in 50%, 70%, 90%, 95%, 100% 
ethanol (4 changes) for 15 minutes each. The sample is then kept in propylene oxide (2 
changes) for 10 min, followed by propylene oxide : resin (1:1 mixture) for 1 - 2 hours. 
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The sample is infiltrated with a resin before being placed in an embedding mould, which 
was then polymerised in an oven at 60° C. 0.5 -1.0 |im sections were cut and the sections 
are then transferred to a drop of water on the slide using a steel loop, the slides are dried 
by slide warmer or a lamp and then stained in Toluidine blue for 2-5 min. The sections 
were observed under microscope for precise location to cut for ultrathin sections. 
Ultrathin sections are cut at 60-90 rmi thick (silver-yellow color) (Ultra-microtome -
Model - UC6, Reichet) and the sections are collected onto grids. The sections are dried 
overnight before staining and finally the grids are stained with uranyl acetate for 15 
minutes and lead acetate for 5 minutes and observed under transmission electron 
microscope (Model - morgagni, 268D, Fei, Netherland, Sophisticated Analytical 
Instrument Facility for Electron Microscopy, Department of Anatomy, AIIMS, New 
Delhi, INDIA) 
(IX). STATISTICAL ANALYSIS: 
The data obtained was statistically analyzed by the application of the following methods 
and formulae. 
Mean: It is obtained by summing up all the observations and dividing it by the total 
number of observations. 
Mean(X)=(^^j 
where, X = sum of the observations 
N = number of observations 
'i'^ 
Standard Deviation: is used as a measure of dispersion and defined as "Root mean 
square deviation from mean". 
Standard deviation (SD) = J M _ Z l 
\ N 
where, X = value of variables 
X - arithematic mean 
N = number of observations 
Standard Error: It is the ratio of standard deviation of the sample divided by the 
square root of the total number of observations. 
SD Standard error (SE) = —;= 
where, SD = standard deviation 
N - number of observations 
Regression: The tendency to remain towards central position is called regression. In 
order to draw a relationship, observations of two variables are plotted in the form of dots 
in a scatter diagram. A straight line is drawn which will approach as close as possible to 
all these points in the graph. 
The main objective of regression analysis is to predict the values of one variable using 
the known value of the other. The existence of relationship between the independent 
36 
variable X and the dependent variable Y can be expressed in a mathematical form known 
as the regression equation. 
Regression equation of X on Y: 
X = a + b.y 
Regression equation of Y on X: 
Y = a + b. X 
where, x - value of variable 
y - value of variable 
a - constant 
b = constant 
Test of Significance: For test of significance the following formula was applied. 
t ^ , M,-M, 
5Pi m^ 
where, t = significant value 
Ml = mean value of first set of observations 
M2 = me an value of second set of observations 
SDi = SD of first set of observations 
SD2 - SD of second set of observations 
ni = Number of observatoions of first set 
n2 = Number of observations of second set 
The calculated 't' value was compared with the tablulated 't' value at 1% level. If the 
former value is higher than the later value, the data is significant otherwise insignificant. 
The tabulated value of t ' at 1% level is 4.541. 
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Probit analysis: It is commonly used in toxicology to determine the relative toxicity 
of chemicals to living organisms. This is done by testing the response of an organism 
under various concentrations and then comparing the concentrations at which one 
encounters a response. The response is always binomial (e.g. death/no death) and the 
relationship between the response and the various concentrations is always sigmoid. Most 
common outcome of a dose-response experiment in which probit analysis is used is the 
Lc50 and Lc90. 
All statisticals were performed by using MS-excel and SPSS (17.0 version). 
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RESULTS 
(A). Dysdercus koenigii: 
Normal life cycle: the pest is active throughout the year and in winter the growth is 
retarded to some extent. The female lays on an averse of 100-160 eggs in loose irregular 
masses of 70-80 each in moist sand. Eggs are spherical, yellowish-white about 1.2 mm in 
size and are hatched into active 1 mm long red coloured nymph. As the nymph grow 
older and changes to next instar, they become more slender and develop black marking 
on the body. There are five nymphal stages and the final 5* instar moulted to adult which 
is characterized by developed wings. Development is completed in 40-80 days and the 
pest completes five generations in a year. The eggs, different instars and normal adult of 
Dysdercus koenigii is shown in Fig 7 (A-F). 
(l)Toxicity of Andalin (flucycloxuron) 
1.1 Effects on survival rate and mortality: 
The mean of the total nymphal mortality eind adult mortality by the application of 
different concentrations of Andalin (flucycloxuron) on 5* instar nymphs of Dysdercus 
koenigii along with control (acetone) and untreated insects is given in Table 1. The 
highest concentration i.e. 0.1% Andalin gave 21 % nymphal mortality after 24 hours of 
treatment which comprises 96% of the total mortality upto adult emergence and the 
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survived 4% adult died with malformed wrings. The lowest concentration (0.0025%) 
showed only 3% mortality within 5* instar which is 2 % less than the control, but the 
total mortality before adult emergence with 0.0025% Andalin was higher (23%) in 
comparison to control (1.05%) and untreated insects (1.01%). Fig 1. shows the regression 
between concentration strength and nymphal death of 5"' instars which yield a positive 
linear correlation (y = 167.66x + 5.4542, R^  = 0.9013). The mortality during 5* instar 
nymph-adult moult was quite high i.e. 94.94%, 76.47% and 56.82% at concentrations of 
0.1%, 0.05% and 0.025% Andalin respectively (Fig 2) and the concentration v/s mortality 
during 5"'-adult moult showed a linear positive correlation (y = 729.12x + 29.413, R^  = 
0.9053). The Lc50 and Lc90 values of Andalin during 5*-adult moulting were found to 
be 0.012% and 0.094% respectively (Table 1). The total mortality upto adult emergence 
was highest at 0.1% Andalin i.e. 96% and lowest at 0.0025% Andalin i.e. 23% (Fig 3). 
The nymphal mortality of Dysdercus koenigii with the application of Andalin was found 
to be dose-dependent. The mean total mortality of the control insects upto adult 
emergence was 1.50±0.28 and is 4% more than the mortality of untreated batch 
(0.50±0.28) which may be due to acetone irritability (Table 1). Fig 4. shows the total 
number of adult emerged after complete moulting. The lowest dose of Andalin (0.0025%) 
produced maximum number of adults i.e. 77% whereas the highest dose produced only 
4%. Out of the 77% adults formed at lowest concentration 18.18% were malformed and 
rest 81.82% showed no morphogenic abnormalities. The regression between 
concentration v/s malformed adults showed positive linear correlation (y = 793.1 Ix + 
25.161, R^  = 0.9563) (Fig 5). 
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1.2 Effect on moulting and metamorphosis: 
The bar diagram (Fig 6) represents the mortaUty during 5*-adult moult of Andalin 
treated 5* instar nymphs which is in the order of 0.1% > 0.05% > 0.025 > 0.01 >0.005 
>0.0025%. The mortality during 5* instar nymph to adult moult is due to incomplete or 
partial moulting and finally death of the intermediate within 24-48 hours of moulting (Fig 
9-14). The 5* instar nymphs which died also showed some dose-dependent morphogenic 
abnormality such as shrunk abdomen (Fig 8-A) or swollen abdomen (Fig 8-B). The 
malformation during 5*-adult moulting with 0.1% Andalin treated 5* instar nymph is 
shown in Fig 9 (A and B). The deformity includes incomplete moulting which is 
characterized by old cuticle (exuviae) attached to the last few segments of the abdomen, 
legs, proboscis, antennae etc., also the body was deformed (Fig 9-B). In the lower 
concentrations of Andalin i.e., 0.05%, 0.025% and 0.01%, partial moulting occurred 
where the exuviae failed to detach from the lower region of the body. The body did not 
curve too much as in case of higher concentrations, only slightly deformed body was seen 
(Fig 10-A, 11-A, 12-A). Abnormality of wings which includes crumpled wings also 
occurred (Fig, 10-B, 11-B & 12-B). At a concentration of 0.005 % Andalin, the exuviae 
remained attached only to the legs (Fig 13-B), Fig 13-A shows crippled, totally damaged 
forewings which is extremely reduced in size with the treatment of 0.005% Andalin. In 
case, where complete ecdysis occurred, different types of wmgs and legs abnormality 
were observed. With the application of 0.0025% Andalin, the adults showed wings and 
legs deformation (Fig 14-B). The forewings and hindwings looks crumpled and reduced 
in size as compared to the normal adult (Fig 7-F). Also, the deformity of the legs were 
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seen and sometimes the legs became either straight or curved whereas in normal adults 
the legs are bent at a certain angle (Fig 7-F). 
1.3 Effects on fecundity and hatchability: 
At 0.1% Andalin concentration only 4% adult emerged which possessed malformed 
wings and legs and died within 24 hours of emergence that is why no mating occurred 
and hence no fecundity. In case with 0.05 % and 0.025 % Andalin treatment, normal 
adult emergence was only 30 % and 47.37 % respectively. In the former dose (0.05%) the 
apparently normal adults thus formed could not survived more than 24-48 hours and 
during this period no mating occurred and ultimately no oviposition. Whereas, in the later 
concentration (0.025%) though normal adults mated but they failed to lay eggs and died 
within 4-5 days. Therefore, no fecundity was recorded in the females emerged from 5"^  
instar nymphs treated with 0.1%, 0.05% and 0.025% Andalin. At lower concentrations of 
Andalin i.e. 0.01%, 0.005% and 0.0025%, an average of 27.75±1.25, 38.74±0.85 and 
47.75±1.70 number of eggs were laid as compared to control and untreated females 
which laid an average of 132.25±0.85 and 144.25±1.49 eggs respectively (Table 2). The 
reduction in the fecundity was statistically significant at 0.01% (t=8.2929, P< 0.01). 
0.005% (t = 10.4641, P< 0.01) & 0.0025% Andalin (t-8.1319, P< 0.01). The average 
number of eggs laid by the females emerged from 0.01% Andalin treated 5* instar 
nymphs dropped to more than quarter (approximately) of the control and about one-fifth 
of the untreated. The females emerged from the lowest concentration (0.0025%) of 
Andalin treated 5* instar nymphs also showed more than half and one-third decrement in 
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the average number of eggs laid as compared to controlled and untreated fecundity 
respectively. 
1.4 Effects on female reproductive system and development of 
ovarioles of Dysdercus koenigih 
The reproductive system of Dysdercus koenigii consists of a pair of ovaries. Each ovary 
is composed of seven separate egg-tubes or ovarioles (Ov) which open into lateral 
oviduct (LO). The lateral oviduct of each side join to form median oviduct (MO) which 
open posteriorly into a genital chamber. The genital chamber develops to form bursa 
copulatrix for reception of the male genitalia. Spermatheca is also present for storage of 
the sperm and a pair of accessory glands open into genital chamber (Fig 15-A & B). 
A single ovariole is divided into 4 distinct region (i) Terminal filament (TF): which is a 
thread-like apical prolongation of the peritoneal layer (ii) Germarium (Gr): forms the 
apex of an ovariole, below the terminal filament and housing anteriorly the nurse cells 
and posteriorly the young oocytes, (iii) Vitellarium (Vt): constitutes the major portion of 
an ovariole and composed of a series of oocytes in their follicular sheaths, which become 
progressively large towards the posterior end, and (iv) Pedicel (Pd): in which the mature 
eggs are lodged before passing into the lateral oviduct. (Fig 15 A & B). 
The ovarioles of the female emerged from different concentrations (0.01%, 0.005% and 
0.0025%) of Andalin treated 5* instar nymphs of Dysdercus koenigii showed several 
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disrupted structures. The germarium and vitellarium portion showed either complete of 
partial damage with resoption of few or all oocytes. (Fig 16, 17 &18). 
The histological longitudinal section of an ovariole of normal D. koenigii showed 
meroistic-telotrophic ovariole which is surrounded by an epithelial sheath (ES), (Fig 19-
A) and a inner thin elastic membrane called tunica propria (TP), (Fig 23-C) which covers 
whole of the ovarioles and the terminal filament. Meriostic-telotrophic ovarioles are 
characterized by the presence of trophic tissue as well as oogonia and oocytes in the 
distal germarium and each oocyte is connected to the germarium by a cytoplasmic 
nutritive cord which extends to the trophic core (TC) (Fig 19-A). Proximal to the trophic 
tissue (germarium) is the vitellarium which consists of the oocytes (Oc) and the 
prefollicular tissues (PFT). The longitudinal section of a normal ovariole at different 
magnifications (SOX, lOOX and 400X) is shown in Fig 19 (A, B & C). The normal 
germarium of an ovariole ofDysdercus koenigii contains prefollicular tissue and the stem 
line oogonium. The oogonium develops into an oocyte and as the oocytes passes down 
the ovariole they enlarge. The oocyte (Oc) leaving the germarium clothed by the 
prefollicular tissue which forms the follicular epithelium (FE) (Fig 19-B). Oocyte growth 
continues and the follicular epithelium keeps pace by cell division and the cells become 
cuboid or columnar. During previtellogenesis, the nutritive cord breaks and the follicle 
cells (FC) form a complete layer around the oocyte. The cytoplasm of the oocytes contain 
few microtubules, small Golgi complexes and profuse network of endoplasmic reticulum 
and many free ribosomes. Finally, as the process of vitellogenesis (vitellarium) proceeds, 
deposition of yolk in the oocytes occurs (Fig 19-C) in the more proximal parts of the 
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ovariole which results in increase in size of the oocytes and then the follicle cells become 
stretched over the oocyte as a flattened, squamous epithelium. Numerous yolk spheres 
(YS), lipid droplets and vacuoles are present in the mature oocytes of the normal ovariole 
of Dysdercus koenigii (Fig 23- A,B & C). 
The ovarioles of females of Dysdercus koenigii emerged from treated 5 instar nymphs 
with varying concentrations of Andalin (0.01%, 0.005% and 0.0025%), showed alteration 
in structure of the ovariole (Fig 20, 21 & 22). The epithelium sheath (ES) of an ovariole 
was found to be disrupted (Fig 20-A, 21-A & 22-A), it was ahnost reduced to a thin 
membrane without any distinct cells. The epithelium lost its cytological organization and 
intercellular spaces (ICS) can be seen in the follicular epithelium. Occasional breakage of 
the follicular epithelium (FE) was observed in the longitudinal section of the ovariole of 
female adults of treated 5* instars nymphs (Fig 20-A, 21-A & 22-A). Also the uniform 
deposition of the yolk in the oocytes was not seen and clumping of the yolk spheres (YS) 
was observed as compared to normal (control) ovarioles. The yolk was markedly shrunk 
and acquired several vacuoles indicating the resoption of the yolk or the reduction in its 
synthesis and deposition due to Andalin treatment (Fig 20-B, 21-B & 22-B). 
Ultrastructure under transmission electron microscope (Fig 23-A) of the control ovariole 
revealed accumulation of large amount of yolk in the oocytes of a meroistic-telotrophic 
ovariole of Dysdercus koenigii. The yolk was in the form of small and large spheres 
uniformly distributed in the oocytes. Also the yolk spheres were densely packed in the 
oocytes of an ovariole. Whereas in case of ovarioles of the female of treated nymphs with 
different concentrations (0.01% and 0.0025%) of Andalin, the disruption of the yolk in 
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the oocytes was seen. Moreover, there were apparent reduction in the amount of the yolk 
and even the mature oocytes showed the formation of prominent gaps or vacuoles like 
structure (Fig 24 & 25). 
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(2) Toxicity of Triticum vulgaris lectin (WGA): 
The lectin was initially dissolved in deionized water to prepare 1% stock solution but it is 
diluted in acetone so as to prepare desired concentrations for application on 5 instar 
nymphs ofDysdercus koenigii. Acetone is chosen as suitable solvent because acetone has 
the property of easily penetrating through the cuticle. 2p,l of three concentrations of lectin 
viz., 0.5%, 0.25% and 0.125% were applied topically on the 5*'' instar nymphs. The S"' 
instar nymph treated with Triticum vulgaris lectin showed low mortality at all the above 
mentioned concentrations compared to negligible mortality of control and untreated 
nymphs. The died 5* instar nymphs did not show any morphological change dwing 
mortality. No deterioration in the nymphal growth and nymphal period occurred. The 
treated 5* instar nymphs with Triticum vulgaris lectin at different concentrations (0.5%, 
0.25% and 0.1%) moulted successfully and emerged out as normal adults. No 
morphogenic deformity during moulting has occurred. The longevity of the adult 
emerged from the treated Triticum vulgaris lectin was found to be similar as in control 
and untreated. The lectin did not influence adult emergence as no inhibition of adult 
formation occurred. Survived adult did not show any remarkable abnormality and mated 
successfully. The ovary of the females of the lectin treated nymphs showed normal 
anatomy and histology as the meriostic-telotrophic ovarioles and no alteration/aberration 
during development occurred. The mated females laid normal number of eggs and the 
eggs hatched within 4-5 days. The Fl generation of the treated 5* instar nymphs survived 
and flourished normally under mamtained lab conditions. The Triticum vulgaris lectin 
which is a glycoprotein did not show any remarkable abnormality like anti-nutritive. 
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deterrent, insecticidal and growth inhibitory effects during the development oiDysdercus 
koenigii via topical treatment. 
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Table 2. Showing fecundity and iiatciiability of female emerged from the treated 5 
instar nymphs of Dysdercus koenigii with Andalin. 
th 
Concentration 
(%) 
0.1 
0.05 
0.025 
0.01 
0.005 
0.0025 
Control 
(acetone) 
Untreated 
Number of eggs 
laid 
(MeaniSE) 
Nil 
Nil 
Nil 
27.75±1.25 
38.75±0.85 
47.75±1.70 
132.25±0.85 
144.25±1.49 
Number of eggs 
hatched 
(Mean±SE) 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
127.50±2.50 
141.50±1.26 
% hatching 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
96.41 
98.09 
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Fig 1. Showing % nymphal mortality at different concentrations of Andalin on the 
5"" instar nymphs of Dysdercus koenigii. 
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Fig 2. Showing % nymph-adult mortality at different concentrations of Andalin on 
-th the 5 instar nymphs of Dysdercus koenigii. 
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Fig 3. Showing % total mortality before adult emergence at different concentrations 
of Andalin on the 5*"* instar nymphs of Dysdercus koenigii. 
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Fig 4. Showing % total adult emet^ed with Andalin treatment on the S"* instar 
nymphs of Dysdercus koenigii. 
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-th Fig 5. Showing % total malformed adults with Andalin treatment on the 5 instar 
nymphs ofDysdercus koenigii. 
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Fig 6. Showing % mortality during nymphal-aduH moult with Andalin treatment at 
different concentrations on S*"" instar nymphs of Dysdercus koenigii. 
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(B). Spodoptera litura: 
N o r m a l life cycle: The pest breeds throughout the year, although its development is 
considerably retarded during extreme temperatures. Moths are active at night, they mate 
and female lays about 300-400 eggs in clusters. Eggs are spherical, somewhat flattened, 
0.6 mm in diameter and light green in color. The clusters of eggs are covered with hair 
scales. The eggs hatch in about 3-5 days. The larvae feed gregariously for the first few 
days and then disperse to feed individually. The larvae attain 35-45 mm in length and are 
hairless, blackish-grey in color with dark and light longitudinal bands and semi-lunar 
spots on the dorsal side. Fully grown 6* instar larvae dig into the moist sand and pupate. 
The pupal stage last for 7-12 days and the moths emerge to live for 7-10 days. 
Development is completed in 25-50 days and pest completes eight generations in a year. 
The eggs, different larval instars, pupation in sand, pupa and adult of Spodoptera litura 
are shown in Fig 29 (A-I). 
(l)Toxicity of Andalin (Flucycloxuron) 
1.1 Effects on survival rate and mortality: 
The average number of larvae, pre-pupae and pupae died by the topical application at 
different concentrations of Andalin on the 6* instar larvae oi Spodoptera litura is shown 
in Table 3. At highest concentration (0.1%) of Andalin, 14 % of the larvae died within 24 
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hours of the treatment and all the survived larvae died at pre-pupal stage which together 
comprises 100% mortality before pupa formation. On the other hand, the lower 
concentrations of Andalin i.e., 0.01 %, 0.005 % and 0.0025 % gave only 6%, 4% and 3% 
larval mortality (Fig 26). The larval mortality at 0.005% Andalin coincides with the 
larval mortality of the control which is 4% whereas 1% larval mortality was recorded in 
untreated insects. The regression between concentration strength and percent larval 
mortality yields a positive linear correlation (y = 107.58x + 4.215, R^  = 0.917) (Fig 26). 
The Lc50 and Lc90 values of Andalin against 6* instar larvae of Spodoptera litura were 
found to be 0.42% and 0.79% respectively (Table 3). There was 100% mortality with 
0.1% and 0.05% Andalin treatment of the 6^ instar larvae (Fig 28). Even the lower doses 
i.e., 0.005% and 0.0025% produced very high mortality rate upto pupal formation which 
is 94.79% and 93.87% as compared to control and untreated which have a mortality of 
3.085% and 3% respectively. The concentration v/s pre-pupal mortality shows a linear 
positive correlation (y = 53.238x + 95.873, R^  - 0.5692) (Fig 27). At higher 
concentrations of 0.1 % and 0.05% no pupae were formed i.e., 100% mortality occurred 
before pupa formation and they either died at larval stage or at pre-pupal stage (Table 3). 
It was recorded that at lower concentrations of Andalin, there is a decrease in the number 
of successful larvae-pupae transformation (Tabel 3). 0.025% Andalin produced only 
1.10% apparently normal pupae and at lowest concentration i.e., 0.0025% Andalin 6.59% 
pupae formation occurred whereas the control and untreated insects produced 96.88% 
pupae and 96.97% pupae respectively. However, the pupae which were formed at lower 
concentrations i.e. 0.025%, 0.01%, 0.005% and 0.0025% failed to transform into adults 
and died in the pupal stage only, whereas, the pupae of the control and untreated larvae 
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moulted to normal adult and flourished successfully in maintained lab conditions (Fig 29, 
A-I). 
1.2 Effects on moulting and metamorphosis: 
The bar diagram (Fig 28) shows the mortality caused during moulting from larvae to 
pupae of Spodoptera litura by treatment with different concentrations of Andalin. The 
two higher concentrations (0.1% and 0.05%) of Andalin showed highest mortality which 
is 100% during larval-pupal moult and the lower concentrations i.e. 0.01%, 0.005% and 
0.0025% Andalin resulted in heavy mortality during larvae-pupae moulting (Fig 28). The 
controlled and untreated larvae showed normal moulting during larvae-pupae 
transformation and resulted into normal pupae. After 24 hours of Andalin treatment at 
varying concentrations (0.1%, 0.05%, 0.025%, 0.01%, 0.005% and 0.0025%), different 
mortality rate of the larvae occurred (Fig 30 A,B & C). The mortality rate of the 6^ '' 
instars larvae treated with different concentrations of Andalin was found to be dose-
dependent. Fig 31 (A & B) showed deformity during 6* instar larvae-pupae moulting 
with 0.1% Andalin treatment and the resultant is the intermediate forms which includes 
individuals having larval characteristics more pronounced. The remaining concentrations 
of Andalin (0.05%, 0.025%, 0.01%, 0.005% and 0.0025%) showed morphogenic 
abnormalities and formed larvae-pupae mosaics which are characterized by anterior 
larval portion and posterior (abdomen) pupal portion (Fig 32-34). The visible 
malformation of the treated larvae includes: head and thoracic legs with larval 
characteristics and untarmed skin at the dorsal part and rest of the body was pupal with 
sUghtly or completely tanned ventral part of the body. Some other types of abnormalities 
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were also seen such as constriction on the first one or two segments of the abdomen (Fig 
32-B); reduction in the thickness of the pupal cuticle which is formed at the posterior 
region (Fig 33-B). In lower concentrations of Andalin application, morphologically 
normal pupae formed but these pupae did not develop any adult characteristics and 
remained in the pupal stage whereas the pupae of normal and untreated larvae developed 
as adult with all the functional moth characters (Fig 29-1). 
1.3 Effects on fecundity and hatchability: 
At all the six concentrations viz. 0.1%, 0.05%, 0.025%, 0.01%, 0.005%, 0.0025% of 
Andalin, there were complete inhibition of adult emergence i.e., no adult emerged from 
the treated 6* instar larvae. The treated larvae died either at larval stage or at pre-
pupal/pupal stages and showed 100% mortality before adult emergence. Since the moths 
did not emerged out from the pupae of the treated larvae, no mating occurred and that is 
why no fecundity recorded (Table 4). In case of control and untreated larvae, normal 
adult emergence occurred (Table 3) and the normal adults laid an average of 920.75±2.43 
(control) and 977.5±1.93 (untreated) number of eggs which hatched out m 3-4 days. The 
percent hatching of the control and untreated females were found to be 97.91% and 
98.44% respectively (Table 4). 
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1.4 The reproductive system of Spodoptera liturai 
The reproductive system of female of the Spodoptera litura consists of a pair of ovaries, 
each ovary is composed of four separate egg-tubes or ovarioles which opens into lateral 
oviduct. Lateral oviduct join to form median oviduct which open posteriorly into a genital 
chamber, the genital chamber often developed to form bursa copulatrix for reception of 
the male genitalia. For storage of the sperms spermatheca is present along with accessory 
glands. 
An ovariole in its epithelial sheath (ES) of Spodoptera litura is of meriostic-polytrophic 
type m which the ovarioles have trophocytes enclosed in the follicles with each oocyte 
(Oc). A single ovariole consists of the terminal filament, the germarium, the vitellarium 
and the pedicel containing a chain of developing ova which have defined spherical shape 
and are greenish in colour. The distal end of the germarium is occupied by the oogonia. 
An oogonium divides to produce an oocyte and a trophocyte and these two cells remain 
attached by a narrow cytoplasmic bridge. As each oocyte with its trophocytes leaves the 
germarium and occupy the vitellarium, the oocyte occupies a proximal position with 
respect to the base of the ovariole. The nxirse cells (trophocytes) of the oocytes are well 
differentiated whereas the follicular cells covering the oocytes are columnar in shape. 
Intrafollicular tissue (IFT) is present between the oocytes. The normal (control) ovariole 
of Spodoptera litura showed oocyte enclosed in the follicular epithelium (FE). The 
ovariole of S. litura at lOOX magnification is shown in Fig 35 (A&B). The follicular 
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epithelium of the oocytes changes to cuboidal in shape with the subsequent growth. In the 
proximal part of the vitellarium, there is an accumulation of the yolk in the oocytes while 
the nurse cells are declining and their cytoplasm is reduced to a thin film surrounding the 
depressed nuclei (Fig 35). The accumulated yolk in the oocyte can be shown in the 
normal ovariole of Spodoptera litura. The yolk deposited in the normal meriostic-
polytrophic ovariole is in the form of spheres and granules (Fig 36 A,B & C). 
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(2) Toxicity of Triticum vulgaris lectin (WGA): 
Different concentrations of lectin viz 0.5%, 0.25% and 0.125% were topically tested on 
newly moulted larvae of Spodoptera litura. From the stock solution of 1% Triticum 
vulgaris lectin in deionized water, the above mentioned three concentrations were 
prepared in acetone. 2 \\.\ of each concentrations were applied topically on the 6"' instar 
larvae. Very low percente^e of mortality of the treated larvae occurred just after 
treatment. However, there were no remarkable reduction observed in the larval growth 
and larval period. The 6"" instar Triticum vulgaris lectin treated larvae fed voraciously on 
castor leaves for 2-3 days, the larvae moulted to pupae and the transformation of the 
larvae-pupae occurred normally as in control and untreated larvae-pupae moulting. 
Neither retardation in pupal growth nor prolongation of the pupal period was recorded. 
None of the lectin treated larvae died during pre-pupal stage. The normal pupae were 
formed and remained in pupal stage for 6-7 days, the longevity of the pupal period was 
equivalent as that in control and untreated and finally the pupae of the lectin treated 
larvae emerged out as normal adults. Topical treatment with different concentrations of 
lectin to 6* instar larvae did not influence reduction in adult emergence. No inhibition of 
the aduh emergence occurred as wmgs, legs and other morphological structures showed 
normal characteristics by each treatment of Triticum vulgaris lectin with varying 
concentrations (0.5%, 0.25% and 0.0125%). The adult thus formed fed on honey solution 
and mated successfiiUy. The ovaries of successftilly emerged adults did not show any 
anatomical change by lectin treatment via topical application on the 6* instar larvae of 
Spodoptera litura. The number of eggs laid by the female of the treated larvae were 
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nearly equal to the number of eggs laid by females of control and untreated batches. The 
eggs hatched within 2-3 days and showed no deterioration. The Fl generation of the 
treated larvae survived and flourished successfully imder maintained lab conditions. 
Triticum vulgaris lectin, a wheat germ agglutinin did not show any anti-nutritive, 
insecticidal and growth inhibitory activity when tested at different concentrations viz., 
0.5%, 0.25% and 0.125% applied topically to last larval instar (6*) of Spodoptera litura. 
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Table 4. Showing fecundity and hatchability of female adult emerged from the 
treated 6* instar larvae of Spodoptera litura with Andalin. 
Concentration 
(%) 
0.1 
0.05 
0.025 
0.01 
0.005 
0.0025 
Control 
(acetone) 
Untreated 
Number of eggs 
laid 
(MeaniSE) 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
920.75±2.43 
977.5±1.93 
Number of eggs 
hatched 
(Mean±SE) 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
901.50±2.428 
962.25±2.87 
% hatching 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
97.91 
98.44 
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Fig 26. Sliowing % larval mortality at different concentrations of Andalin on the 6*** 
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the 6* instar larvae olSpodoptera litura. 
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DISCUSSION 
The deleterious effects of conventional insecticides such as organochlorines, 
organophosphates, carbamates etc. on both health and environment has led to alternative 
control measures by the use of non-conventional insecticides. The toxicity of insecticides 
to humans and wildlife has caused much public concern and prompted the use of more 
target-specific chemicals (Paotelli and Pimentel, 2000). Insect growth regulators are bio-
rational compounds that are species-specific and highly selective in action (Staal, 1975) 
and act by disrupting the normal development of several species of insects (Henrick et. 
al, 1973). The effects of these Insect growth regulators more precisely, the chitin 
synthesis inhibitors which interfere with chitin biosynthesis in insects (Post and Vincent 
1973; Post et. al. 1974; Deul et al. 1978; Hajjar and Casida 1978; Gijswijt et al. 1979) 
have been worked out on a number of species of insect pests. The results of these studies 
revealed that there is a wide range of responses and susceptibility with respect to different 
insect species against a chitin synthesis inhibitor. Thus, it becomes inevitable to find out 
the most effective chemicals against particular species of insect pest which do not 
adversely affect the environment and are also bio-degradable. 
In the present investigation, sk concentrations (0.1%, 0.05%, 0.025%, 0.01%, 0.005% 
and 0.0025%) of Andalin (Flucycloxuron) which is a chitin synthesis inhibitor were 
tested topically on the 5* instar nymphs of Dysdercus koenigii and 6* instar larvae of 
Spodoptera litura. Different concentrations resulted in different mortality rate after 24 
hours of the treatment. The Andalin treated nymphs (Z). koenigii) and larvae {S. litura) 
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showed varying degree of inhibitory and delayed effects. The morphogenetic effects of 
flucycloxuron (Andalin) to Dysdercus koenigii include incomplete moulting, deformed 
nymph and adults with exuviae attached to the body and varying degree of wing growth 
inhibition. In another study, the efficacy of Flucycloxuron, Diflubenzuron and 
Halofenozide were tested and it was reported that flucycloxuron was the most toxic chitin 
synthesis inhibitor against Tenebrio molitor, also the adult showed highest absorption 
through the cuticle for flucycloxuron among the three chitin synthesis inhibitors (Chebira 
et al, 2006; Soltani et ah, 1993). The growth inhibitory effects of flucycloxuron have 
also been demonstrated in non-insect species, a ciliated protist, Paramecium sp. 
(Rouabhiera/., 2005). 
The present work showed that the mortality was caused partly by direct toxicity and 
partly by moulting failure at the intermediate stage by topical treatment of Andalin at 
different concentrations on the 5* mstar nymphs of Dysdercus koenigii and 6* instar 
larvae of Spodoptera litura. Other chitin synthesis inhibitors caused more or less similar 
results in a number of other insect pests such as Diflubenzuron at 0.225 ppm (Ishaaya et 
al, 1986), Chlorfluazuron at 0.027 ppm (Isaaya and Yablonski, 1987), Cyromazine at 
200 ppm (Mondal and Port, 1995) and Triflumuron at 1 x 10^ (Parween, 1996) and 
reduced the weight of the mature larvae of both susceptible and resistant strains of 
Tribolium castaneum by about 50% compared to untreated larvae. Omatsu et al. (1991) 
reported the effectiveness of chlorfluazuron on Spodoptera litura larvae at lethal dosage 
by topical application, where the treated larvae turned translucent and then black and split 
the old cuticle but failed to exuviate. He also suggested that the regions close to the 
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sutures and last and thoracic dorsal segments were most susceptible to the compound 
than other regions. 
In the present study, the Andalin treated nymph of/), koenigii and larvae of Spodoptera 
litura showed moulting inhibition and in the attempt to moult from nymph-adult or from 
larvae-pupae-adult mortality occurred. They failed to ecdyse due to inhibition of the 
synthesis of new cuticle. Diflubenzuron for instance, when directly applied to Mandusa 
epidermal cells in vitro, inhibited endocuticular deposition. Three sites have been 
proposed for describing the mode of action of diflubenzuron and other chitin synthesis 
inhibitors namely: inhibition of chitin synthetase (or its biosynthesis), inhibition of 
proteases (or its biosynthesis) and inhibiton of UDP-N-acetylglucosamine transport 
through the membrane (Miyamoto et al, 1993). Earlier, reports showed that the release 
of UDP-N-acetylamine from the epithelial cells was inhibited by diflubenzuron (Mitsui et 
al, 1984). Further, it was suggested that the compound interferes with the transport 
system of UDP-N-acetylamine across the membrane (Eto, 1990). 
Not only topical application but oral administration of IGRs produced adverse effects. 
Unsal et al. (2004) reported that all the three concentrations 250, 500 and 1000 ppm of 
diflubenzuron in semi-artificial diet resulted in considerable decrease in the cuticle 
thickness of the 5* instar larvae of Galleria mellonella. These effects could be explained 
by the mhibition of chitin synthesis and blocking of cuticle secretion by affected 
epidermal cells (Rehimi and Soltani, 1999 and Vinuela and Budia, 1994). Histological 
evidence revealed that ecdysial failure and mortality were invariably related to the 
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blocking of endocuticular formation (Ren et al, 1988). This type of moulting inhibition 
via ingestion were reported by incorporating insect growth inhibitors Lefenuron and the 
combination of Lefenuron/Deltanet into the meridic diet of Spodoptera littoralis larvae 
(Rahman et al, 2007). The above explanations support the present work on Dysdercus 
koenigii and Spodoptera litura where malformation was caused by growth inhibitor 
(Andalin) when applied topically. 
Apart from chitin synthesis inhibitors the adverse morphogenetic effects are produced by 
a number of other non-conventional insecticides. The delayed development and 
appearance of malformations were reported from plumbagin treated Helicoverpa 
armigera (Krishnayya and Rao, 1995) and neem treated Spodoptera litura (Rao et al. 
1996). Furthermore, Tiwari et al, (2006) noted that topical application of neem based 
insecticides on D. koenigii caused prolongation of nymphal period, ecdysial stasis and 
development of adultoid and imagoes with varied degree of deformity. Besides neem 
other botanicals also showed similar effects. Rao et al. (1999) suggested that Artemisia 
annua oil has both insecticidal and insect growth regulator activity, as the treated nymphs 
of Dysdercus koenigii showed 2 days delay in development and produced nymphal-adult 
intermediate and emergence of deformed adults. Bemerjee et al (2001) made a 
comparative study on growth-inhibitory effects of three naturally occurring quinones and 
their derivatives on D. koenigii. The tested compounds disrupted the normal growth at 
sublethal doses. He also described poor fecundity by the females emerged from the 
treated 4* instar and 5* instar nymphs. The delayed inhibitory effects during growth and 
moultmg were also reported by the treatment of a phyto-ecdysone (polypodine-B) on D. 
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cingulatus (Bachchan et. al., 2002). The similar effects on Dysdercus koenigii were 
reported by the appHcation of different botanicals via dry film and seed dip method 
(Kodandaram et al., 2008). 
The present study demonstrated that the Andalin (Flucycloxuron) treated 5* instar 
nymphs of Dysdercus koenigii and 6* instar larvae of Spodoptera litura at different 
concentrations showed poor development of ovaries, reduced fecundity and inhibition in 
egg-hatching. The inhibition of fecundity and fertility of Spilosoma obliqua through 
topical and ingestion of a P-ecdysone analogue 2,22,25-trideoxy-5p-hydroxyecdysone 
were also reported (Qamar and Khan, 1993). Khowaja et al. (1998) investigated the 
inhibitory effects of 2 analogues of P-ecdysone (22, 25-dideoxyecdysone and 2,22,25-
trideoxy-SP-hydroxyecdysone) on the fecundity and fertility of the emerged female of 
topically treated nymphs of Dysdercus cingulatus. Other similar results which reported 
inhibition in fecundity, fertility, longevity and weight of Spodoptera litura (Khowaja et 
al, 1993) and D. cingulatus (Khowaja and Qamar, 2002) were also described by the 
topical application of organophosphate insecticides viz., Monocrotophos on the 4* instar 
nymphs and Cythion (Khowaja and Qamar, 2005) on the 5* instar nymphs. 
Flucycloxuron was also reported to reduce the oocytes number, the ovaries weight and 
the size and the volume of the basal oocytes during sexual maturation in Tenebrio molitor 
(Hami et al, 2004). The average eggs production and egg hatching showed reduction 
with increase in concentration which is similar with the result obtained in the present 
investigation with Andalin (flucycloxuron) treatment. 
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A reduction in the oviposition of chitin synthesis inhibitor treated females of different 
insects has akeady been reported such as on mosquitoes (Miura et al, 1976) and 
Drosophila melanogaster (Wilson and Cryan, 1997). Other similar results obtained were 
on lepidopterans namely: Ephestia kuehniella and Spodoptera exigua (Marco and 
Vinuela, 1994), Pectinophora gossypiella (Moursy and Salem, 1995), Spodoptera 
littoralis (Lyra et al., 1999), and Lobesia botrana (Saenz-de-Caberon et al, 2006). The 
authors attributed the fecundity reduction to the morphological alterations of oviposition, 
inhibition in testicular size and inability from sperm transfer and the toxic effects on the 
synthesis and metaboUsm of proteinaceous constituents during oogenesis. Also the 
viability and reproduction ofAedes aegyptii were found to be affected by the treatment of 
triflumuron (Belinato et al, 2009). 
Another insect growth regulator hexaflumuron was the object of some works. According 
to Coppen and Jepson, (1996) hexaflumuron proved to be very toxic against the larvae of 
the Schistocerca gregaria. Farinos et al, (1998) assessed the mode of penetration of 
hexaflumuron through the adult cuticle and its excretion. He also noted that the lower 
concentration recovered in the eggs slowed down the embryonic development and 
inhibited their hatching. The efficacy of hexaflumuron has been tested on the growth, 
development and reproductive performance of the progeny in Callosobruchus maculates 
after the adult treatment (Kellouche and Soltani, 2006) and showed very effective results. 
Hexaflumuron was also reported to be toxic against the treated eggs of Pectinophora 
gossypiella (El-Barkey et al, 2009). These findings are in agreement with the present 
work on the 5* instar nymphs of Dysdercus koenigii on efficacy of Flucycloxuron 
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(Andalin) on the development of ovaries and inhibitory effects on the egg production and 
their subsequent hatching. 
Futhermore, in addition to moderate knockdown effects and morphogenetic effects, the 
present chemical (Andalin) also produced some adverse gonadotropic activity. The 
ovariole of Dysdercus koenigii is of meroitic-telotrophic type and that of Spodoptera 
litura is meroistic-polytrophic type having seven and four ovarioles respectively. 
Histological studies of the ovarioles of the females emerged from the treated nymphs 
showed inhibition in development of female reproductive system. There was 
disintegration of the follicular epithelium and poor deposition of the yolk in the majority 
of oocytes of the ovarioles of females emerged from the treated 5* instar nymphs. 
Several past studies have reported gonadal inhibition after application of a variety of 
insect control agents viz., chemosterilant, IGRs, botanicals and insecticides. Mathew and 
Rai, (1975) have shown that chemosterilant apholate induces ultrastructural changes in 
the presumptive and primary follicles of the adult ovary in Aedes aegyptii. Jalaja and 
Prabhu, (1976) observed that there is disintegration of germarium and follicular 
epithelium as well as reduction in size and oocytes and their resorption in D. cingulatus 
after treatment with metapa and apholate. Earlier, Subrahmanyam and Rao, (1986) 
working on effects of azadirachtin on S. gregaria and Shashi Gupta and Rao, (1994) on 5. 
litura reported that lack of ovarian development in the treated insects was due to delayed 
synthesis and release of median nexorosecretion of the brain. Philosamia ricini showed 
similar results after treatment with thiotepa (Mohapatra, 2007). These ultrastructural 
chaises due to effect of insecticides in the published work correlate with the present 
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work where some alterations, represented by the presence of vacuoles, shrinkage and 
degeneration of yolk, disruption of the surrounding epithelium, in the oocytes of Andalin 
treated D. koenigii were observed. 
The presence of vacuoles within oocytes and shrinkage or degeneration of yolk in the 
gonad tissue may be attributed to an increase in the osmotic pressure of the plasma 
membrane of the oocytes which may lead to water loss or dehydration that cause the 
occurrence of dominant vacuoles (Abd allah and Abul Nasar, 1970). A juvenile hormone 
analogue Hydroprene was shown to inhibit the development of the oocytes in the 
ovarioles. It also brought about morphogenetic abnormalities in reproductive system of 
Dysdercus koenigii where the reduction in number of oocytes, inhibition of vitellogenesis 
and deformation of germarium occurred (Revathy et al, 1982). Other similar results were 
obtained in houseflies treated with hempa (Philip, 1967); Locusta migratoria treated with 
azadirachtin natural botanical extract (Rembold and Sieber, 1981) and irradiated cutworm 
(Lutfallah et al, 1985). Present findings regarding the inhibition of vitellogenesis in 
oocytes by Andalin treatment on D. koenigii are in agreement with the above mentioned 
studies. 
Another chemical which is used in the present work is Triticum vulgaris lectin which is a 
wheat germ agglutinin. Lectins are carbohydrate-binding protein (or glycoproteins) of 
non-immune nature and bind reversibly to specific mono- or oligo-saccharides (Goldstein 
et al, 1980, Van Damme et al 1998). They play an important role in the plant's defense 
against insect pests and have been found to be toxic to viruses, bacteria, fungi, insects and 
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higher animals. Because of their toxic and antifeedant characteristics they are considered 
as a promising alternative to conventional chemical insecticides. 
Lectins from different sources were found to be insecticidal and growth inhibiting dietary 
proteins against number of pest insects. Several reports of its insecticidal activity have 
been reported. The affinity purified Glycine max lectin significantly delayed the 
development and affected both the number of developed pupae and emergence of 
Bactrocera cucurbitae but failed to produce any significant affect on egg-hatching 
(Kuljinder Singh et al, 2006). Closely related affects have been observed by other 
lectins viz., lectin from Triticum vulgaris, Ricinus communis and Bauhinia purpurea 
against Ostrinia nubilalis and lectin from R. communis, Phytolacca americana and 
Codium fragile against Diabrotica undecimpunctata (Czapla and Lang, 1990), Galanthus 
nivalis agglutinin against Nilaparvata lugens (Powell et al., 1995), snowdrop and 
wheatgerm agglutinin lectin against Antitogus parvulus (AUsopp and Mcghie, 1996), 
mannose-binding plant lectins from Allium sativum, Colocasia esculenta and 
Diffenbachia sequina against Dysdercus koenigii (Roy et al., 2002), snowdrop lectin 
against larvae of three aphid predators (Hogervorst et al., 2006), leek lectin (APA) 
against Spodoptera littoralis (Sadeghi et al, 2009), mannose-binding lectin from Yam 
(Dioscorea batata) against Helicoverpa armigera (Ohizumi et al, 2009). These lectins 
with their corresponding insects showed detrimental effects on the growth and 
development of the msect and also affected the fecundity when reared on artificial diet 
supplement with a sublethal doses of the different lectins. These findings are in contrast 
74 
with the present findings where lectin when tropically applied on the integument of the 
pest insects Dysdercus koenigii and Spodoptera litura showed no adverse effect. 
The specific reaction of peanut Mannose binding lectin with receptors on the surface of 
mid gut epithelial cell of Chilo partellus resembles the binding of toxic lectins to midgut 
epithelial cells as well as the peritrophic membrane of blowfly, Lucilia cuprina 
(Eisemann et al., 1994). It was suggested that the lectin bind to the glycan receptors 
present on the surface lining of the insect gut (Pusztai and Bardocz, 1996) and interferes 
with the formation and integrity of the peritrophic membrane of the midgut (Harper et al, 
1998). They also concluded that these effects together with lectin induced reduction in 
diet ingestion which ultimately led in starvation of the larvae. The insecticidal activities 
of crude lectin enriched protein extracts from carious African legumes on Maruca vitrata 
larvae in artificial diet have also been reported (Omitogun et al., 1999). 
Virtually all previous studies dealing with the possible effects of plant lectins in insects 
involved exclusively experiments with artificial diets supplemented with purified lectin 
from different sources. These experiments yield information about the direct toxicity of 
orally administered lectins and also repellent or deterrent activities. Sadeghi et al, (2006) 
described the binary choice experiments which clearly demonstrated for the first time that 
an application of plant lectins to the surface of chickpeas reduced the oviposition by 
Callosobruchus maculatus and also showed dose-dependent reduction in the egg number. 
A similar dose dependent activity was also reported for the commercial chemical 
repellent N, N-diethyl-m-toluamide (DEBT) in assays with Spodoptera littoralis (Stevens 
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et al., 2005). Coating of seeds with 1% solutions of DEET caused 80% reduction of the 
oviposition of Callosobruchus maculates which is comparable to the inhibition brought 
by the lectin Arum maculatum agglutinin (AMA) 60% and Peanut agglutinin (PNA) 64% 
when applied at a concentration of 0.05%. 
In the present work an attempt was made to find out the efficacy of lectin via topical 
treatment at three concentrations viz. 0.5%, 0.25% and 0.125% on the 5* instar nymphs 
of Dysdercus koenigii and 6* instar larvae of Spodoptera litura. No significant results 
have been obtained by the topical application of lectin on the dorsal surface of the insects. 
The nymphs and the larvae showed no mortality and no adverse morphogenic effects 
during moulting in contrast to anti-nutritive and insecticidal effects of lectin via feeding 
method reported by several authors on different species of insect pests. Moreover, the 
affected females of Dysdercus koenigii developed normal reproductive system with 
negligible effect on the egg laying and hatching potential. 
It seems desirable to fiirther investigate the effective mode of entry of lectins in the insect 
body, the subsequent path it follows after entry and the ultimate fate. Also, more 
researches are needed in the area of identification, isolation, purification and 
characterization of lectins having more pronounced effects on pest insects either in pure 
form or in combination with both, the conventional and non-conventional insecticides. 
On the same lines, the researches may be carried out with behavior modifying novel 
chemicals preferably from plant sources. Once isolated and characterized, the cost-
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effective commercially produced synthetic analogues of promising lectins and new IGRs 
may provide an effective tool for pest control. 
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ABBREVIATIONS: 
ES 
FC 
FE 
Gr 
ICS 
IFT 
LO 
MO 
N 
Nu 
Oc 
Ov 
Pd 
PFT 
TC 
TF 
TP 
V 
Vt 
Y 
YS 
Epithelial Sheath 
Follicular Cells 
Follicular Epithelium 
Germarium 
Intracellular Spaces 
Intrafollicular Tissue 
Lateral Oviduct 
Median Oviduct 
Nucleus 
Nucleolus 
Oocyte 
Ovariole 
Pedicel 
Prefollicular Tissue 
Trophic Core 
Terminal Filament 
Tunica Propria 
Vacuole 
Vitellarium 
Yolk 
Yolk Spheres 
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(A) EGGS (62.5X) kfld (B) 2"" instar nymph (62.5X) 
ird (C) 3™ instar nymph (62.5X) (D) 4"' instar nymph (62.5X) 
•th (E) 5'" instar nymph (62.5X) (F) ADULT (62.5X) 
Fig 7 (A-F). Eggs, different nymphal instars and adult of normal Dysdercm koenigii. 
B 
Fig 8 (A-B). Showing nymphal abnormality after 24 hrs of Andalin treatmeni at 
varying concentrations on 5"" instar nymphs of Dysdercus koenigii. 
i 
B 
Fig 9 (A-B). Showing malformation during 5th-adult moult with 0.1% Andalin 
f t h treatment on 5 instar nymphs of Dysdercus koenigii. 
Fig 10 (A-B). Showing malformation during 5th-adult moult with 0.05% Andaiin 
treatment on 5*'' instar nymphs of Dysdercus koenigii. 
B 
Fig 11 (A-B). Showing malformation during 5th-adult moult with 0.025% Andaiin 
-th treatment on 5 instar nymphs of Dysdercus koenigii. 
B 
th Fig 12 (A-B). Showing malformation during 5 -aduit moult with 0.01% Andalin 
rtb treatment on 5 instar nymphs of Dysdercus koenigii. 
11 
B 
th Fig 13 (A-B). Showing malformation during 5 -adult moult with 0.005% Andalin 
rth treatment on 5 instar nymphs of Dysdercus koenigii. 
B 
:th Fig 14 (A-B). Showing malformation during 5'"-aduIt mouit with 0.0025% Andalin 
treatment on S"* instar nymphs of Dysdercus koenigii. 
A (Ovarioles at 62.5X) 
B (Ovarioles at 62.5X x 3XZooin) 
Fig 15. Female Reproductive System of normal Dysdercus koenigii 
:th Fig 16. Ovarioles of the female emerged from 0.01% Andalin treated 5 ' instar 
nymphs of Dysdercus koenigiu 
;th Fig 17. Ovarioles of the female emerged from 0.005% Andalin treated 5 " instar 
nymphs of Dysdercus koenigii 
Fig 18. Ovarioles of the female emerged from 0.0025% Andalin treated 5"* instar 
nymphs of Dysdercus koenigii 
PFT 
B 
Fig 19. Showing normal longitudinal section of ovariole of Dysdercus koenigii (A) at 
SOX and oocyte (B) at lOOX & (C) at 400X. 
9 P 
- •>• • • • 
Fig 20. Showing longitudinal section of ovariole of Dysdercus koenigii female 
emerged from 0.01% Andalin treated S"* instar nymph at lOOX(A) and at 400X(B). 
B 
Fig 21. Showing longitudinal section of ovariole of Dysdercus koenigU female 
emerged from 0.005% Andalin treated 5"* instar nymphs at lOOX(A) and at 
400X(B). 
MM 
Fig 22. Showing longitudinal section of ovariole of Dysdercus koenigii female 
emerged from 0.0025% Andalin treated 5'" instar nymphs at 100X(A) and at 400X(B). 
B 
Fig 23. Showing electron micrographs of an ovariole of Dysdercus koenigU normal 
female adult at different magnifications. 
A. Oocyte (880X) 
B. Oocyte (3.5kX) 
C. Epithelium sheath (l.SkX) 
B 
Fig 24. Showing electron micrographs of an ovariole of Dysdercus koenigU female 
emerged from treated 5^** instar nymphs with 0.01% Andaiin at different 
magnifications. 
A. Oocyte (880X) 
B. Oocyte (l.SkX) 
C. Epithelium sheath and oocyte (2.2kX) 
Fig 25. Showing electron micrographs of an ovariole of Dysdercus koenigii female 
emerged from treated S"* instar nymphs with 0.0025% Andalin at different 
magniflcations. 
A. Oocyte (l.SkX) 
B. Oocyte {2.2kX) 
C. Epithelium sheath (2.2kX) 
(A) EGGS 
(B)l"instar larvae 
(D)3^-&7^„starIa™ 
V 
(E)5 instar larvae 
(F) 6"" instar larvae 
(G) PUPATION IN SAND (H) PUPA 
(I) ADULT 
Fig 29 (A-I). Eggs, different larval instars, pupation in sand, pupa and adult of 
normal Spodoptera litura. 
i 
Fig 30 (A,B&C). Showing larval mortality of Spodoptera litura at varying 
concentrations of Andalin treated 6"* instar larvae. 
B 
Fig 31. Showing malformation during larval-pupal moult with 0.1% Andalin 
treated 6"" instar larvae of Spodoptera litura. 
B 
Fig 32. Showing malformation during larval - pupal moult with 0.05% Andalin treated 6"' 
instar larvae of Spodoptera litura. 
B 
Fig 33. Showing malformation during larval-pupal moult with 0.025% Andalin treated 6"* 
instar larvae ofSpodoptera litura. 
Fig 34. Showing malformation during larval-pupal moult with Andalin treated 6*^  instar 
larvae ofSpodoptera litura. 
A. At 0.01% 
B. At 0.005% 
C. At 0.0025% 
B 
Fig 36. Showing electron micrographs of normal ovariole of Spodoptera litura. 
(A) At 880X 
(B) At 1.5kX 
(C)At3.5kX 
Fig 35. Showing normal longitudinal section of 
lOOX (A & B). an ovariole of Spodoptera litura at 
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